Management and silviculture in the spotted gum forests on the south coast of New South Wales by Furrer, Brian John
M A N A g E m n r  a n d  SILVICULTURE 
IN  THE SPOTTED GUM FORESTS ON 
THE SOUTH COAST OF 
NEW SOUTH WALES
by
B . J .  FURRER.
T h i s  t h e s i s  w as s u b m i t t e d  f o r  t h e  d e g r e e  o f  
M a s t e r  o f  S c i e n c e  i n  t h e  A u s t r a l i a n  N a t i o n a l  
U n i v e r s i t y .
A u g u s t ,  1971
(i)
This thesis is the authorfs own work except where 
specific acknowledgment is given.
B. J. FÜHRER.
(ii)
ACHT QY/LEDGMSLJT S.
I wish to record my thanks to my supervisors, initially 
Dr. R. G. Florence and then Dr. K.R. Shepherd during Dr. Florence's 
absence overseas.
My thanks are due to Mr. E. D. Parkes for advice and 
discussion on the financial comparisons of recreation and timber 
production.
I greatly appreciated the computer programming help received 
from Mr. K. J. Phillis.
I wish to thank the Few South Wales Forestry Commission for 
the assistance and study leave granted.
I am grateful for the co-operation of all officers of the 
South Coast district office and the Bateman's Bay sub-district office 
of the N.S.W. Forestry Commission, which allowed my absence from duty.
I am indebted to Mrs. J. G. Heley for typing the thesis
(lü)
ABSTRACT.
At the present time the South Coast of N.S.W. is undergoing 
development and expansion in both tourism and the timber industry.
Definition of management policy is required for the Crown* s forests in 
view of the call to use forested areas for recreation as well as timber 
production.
The location of the spotted gum forests and their relationship 
to the study area north from Bateman's Bay is described. Forest types 
within the area are presented and the mosaic pattern of species 
distribution illustrated with examples. Possible explanations for the 
pattern are discussed.
The irregular forests are examined for their role as wood 
production units. Benandarah S.F., which was selectively logged and 
heavily treated by ringbarking, has few large useless trees. This is 
in direct contrast to the unlogged and untreated area chosen for study 
on Kioloa S.F. where a volume of only 13749 super feet was merchantable 
in a total of 42784 super feet. Diameter increment rates for the 
average Benandarah forest ranged between 0.12 and 0.14 inches per annum; 
total volume M.A.I. for an eleven year period was 198 super feet.
The effect of wild fire on survival and growth rates was 
recorded. Overbark measurements showing a decrease in size 2% years 
after burning did not reflect the positive underbark diameter increment.
Three even-aged spotted gum stands are described and the growing 
stock and increment rates discussed. The volume M.A.I. ranged from 
approximately 300 to 800 super feet per acre per annum, except for the 
years of extreme drou^it when very low or negative increments were recorded. 
The small diameter dominant trees with good quality crowns grew most quickly
and the data suggests 0.4 to 0.6 inches per annum would he feasible during 
the zero to 40 square feet basal area period of stand development.
A yield table was derived.
Past silvicultural treatment methods were assessed to find whether 
satisfactory regeneration had resulted from the treatment. Under certain 
circumstances ringbarking cull trees, the group selection method, advance 
growth salvage and clearfelling have all promoted satisfactory regeneration 
when the site was not quickly over-run by wet sclerophyll weeds. In the wet 
sclerophyll types consistent failure due to the loss of the site to vines 
and weeds indicated the need for site preparation. Tractor methods were 
recommended in preference to fire.
Drastic treatment was required to improve the merchantable increment 
on the irregular forest. This type of treatment changed the character of 
the forest and it was no longer suitable for recreational use. If less 
stringent selection of the retained growing stock is made the remaining 
stand is more attractive.
In the forests not treated in the past, return to timber production 
required heavy treatment by tractor, and preferably jiffy pot planting. An 
economic examination of this system, using the Faustmann formula, showed a 
3.5 percent return for sawlog production on an 80 year rotation with mining 
timber thinnings, and 3.8 percent return for mining timber only. In 
productive irregular forests the present net worth in favour of clearfelling 
and producing more sawlogs rather than continuing with the group selection 
system is approximately $90.00 per acre. The rise in tourism and 
recreation is expected to continue. Pressure for forested areas to be 
set aside ftom timber production for recreation will increase. The 
opportunities for, and the costs of, multiple use management are presented 
together with a working example developed for the Kioloa Management Area.
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1CHAPTER 1.
INTRODUCTION.
Development*and expansion on the South Coast of N.S.W., 
particularly in tourism and within the timber industry have drawn 
attention to the need to define management policies for the forests. 
Definition is required for all Crown forests on the South Coast but in 
this thesis only one section will be examined in detail. This section 
is the spotted gum (E. maculata, Hook) forest lying between the escarpment 
and the sea; from approximately Ulladulla in the north to Bateman’s Bay 
in the south.
The relationships of this study area to the whole spotted gum 
zone and the general forest estate on the South Coast are shown in Figure 1, 
This map also shows the location of the spotted gum zone in relation to 
the major centres of population, Canberra and Wollongong, and to areas 
dedicated or under consideration for National Parks.
The timber industry has occupied an important place in the 
economy of the South Coast for more than a century and is increasing in 
importance relative to other major South Coast primary industries such as 
farming and fishing.
The major market is based on sawn framing and li^it structural 
timber for the building industry in Wollongong and Sydney. Other markets 
include light framing timber used locally by the home building industry.
This outlet in recent times has been boosted by the upsurge of recreation 
and many people choosing to retire in the area. Good grade timber is 
used for concrete formwork, tunnel shuttering and other constructional forms 
in the city based industrial boom.
tORRIMAL
W O LLO
3The in d u s t r i a l  tim ber m arket fo r  th e  s t e e l  works and a l l i e d  
sh ip p in g  companies i s  in c re a s in g . No lo n g e r a re  dunnage, c r a t in g  and
p a l l e t  tim b ers  regarded  as by-p roducts o f th e  housing  m arket. Now they  
occupy end use p o s it io n s  in  t h e i r  own r i ^ i t .  This a llow s u t i l i z a t i o n  of 
low er average grade m a te r ia l th an  fo r  th e  fram ing  m arket. Expected 
expansion o f th e  s tee lw orks a t  Wollongong and th e  p o s s ib i l i t y  o f a  new s t e e l ­
making complex a t  J e r v is  Bay w il l  c re a te  a  s u b s ta n t ia l  in c re a se  in  th e  m arket 
fo r  i n d u s t r i a l  tim b er. The sm all s iz e d  round tim ber used fo r  m ining
purposes i s  b e in g  used in  g re a te r  q u a n t i t ie s  w ith  th e  expansion o f th e  coal 
ex p o rt m arket and p ro d u c tio n  o f t h i s  form o f tim ber w i l l  be in c re a s in g ly  
im p o rtan t. These in c re a se s  could  form a  s ig n i f ic a n t  f a c to r  in  th e  manage­
ment and s i l v i c u l tu r e  o f th e  f o r e s ts  in  th e  f u tu r e .
W ith th e  la rg e  p o p u la tio n  c e n tre s  of Wollongong and C anberra 
expanding, p e rso n a l income r i s i n g  and average working hours b e in g  reduced , 
in c re a se d  use o f th e  whole o f th e  South Coast f o r  outdoor r e c re a t io n  can be 
a n t ic ip a te d .  The a re a  occupied by th e  s p o tte d  gum f o r e s t  in c lu d es  p a r t  o f 
th e  c o a s t l in e  and th e  a d jac e n t g e n tly  s lo p in g  la n d . A part from th e  
a t t r a c t i o n  o f th e  beaches th e  sp o tte d  gum f o r e s ts  have an i n t r i n s i c  b eau ty  o f 
t h e i r  own. The s t a t e ly  t r e e s  and p ic tu re sq u e  u n d e rs to rey  elem ents a re
h ig h ly  favoured  by a l l  ty p es  o f outdoor r e c r e a t io n a l i s t s .  P a s t  f o r e s t r y  
a c t i v i t i e s  have c re a te d  a network o f roads through th e  c o a s ta l  and sem i­
c o a s ta l  f o r e s t s  which f u r th e r  enhances tn e  a re a  fo r  r e c r e a t io n a l  u s e .
A n tic ip a te d  p re ssu re  fo r  in c re a se d  r e c r e a t io n a l  use  in  th e  fu tu re  
may re q u ire  tim ber p ro d u c tio n  f o r e s t r y  to  be r e s t r i c t e d  or c u r ta i l e d  in  some 
a re a s .  A lready amendments to  e s ta b lis h e d  management p la n s , p rep ared  
p r in c ip a l ly  f o r  tim ber h a rv e s tin g  p u rp o ses, have been made fo r  p a r t  o f th e  
K io loa  Management Area n o rth  from Bateman* s Bay. The g e n tle  topography 
and p ro x im ity  to  th e  P rin ce s  Highway makes th e  a re a  most d e s ir a b le  fo r
4in te n s iv e  f o r e s t r y  and in  view of th e  in c re a s in g  demand f o r  m ining and saw 
tim b er, con tinued  p roduction  i s  re q u ire d .
P ro duction  f o r e s t r y  and r e c re a t io n  a re  n o t n e c e s s a r i ly  ex c lu s iv e  
forms o f lan d  use and i t  i s  p o ss ib le  fo r  compromises to  be reached  so th e se  
and o th e r forms of land  use can occur s im u ltan eo u sly . However, th e  need 
fo r  p lan n in g  i s  most im p o rtan t. C onservation  o r p o l i t i c a l  p re ssu re  groups 
should no t f o i s t  m u ltip le  use on to  f o r e s t  a re a s  no?/ used  p r im a r i ly  fo r  
tim ber p ro d u c tio n  b e fo re  f i r s t  c o n s id e rin g  a l l  th e  consequences of such a 
change in  la n d  use p o lic y . Nor should  f o r e s t  management ig n o re  th e  need 
fo r  a  f le x ib le  p o lic y  where compromise i s  re q u ire d  in  m u ltip le  use  s i tu a t io n s .  
S i lv ic u l tu r a l  system s from c le a r  f e l l i n g  to  no f e l l i n g  a re  a v a ila b le  as 
o p tio n s  depending on th e  management o b je c t iv e . T his th e s i s  examines and 
ev a lu a te s  th e  a b i l i t y  o f th e  vario u s  system s to  p rov ide  a cc e p tab le  management 
o p tio n s  fo r  th e  fo r e s t  e s t a t e .
5CHAPTER 2 .
ECOLOGY OF THE SPOTTED GUM FOREST.
2 .0  G enera l.
T h is  c h ap te r d e sc rib e s  th e  lo c a t io n  o f th e  South C oast sp o tte d  
gum f o r e s t s ,  th e  c lim a te , s o i l s  and geology o f  th e  a re a  and th e  sp ec ie s  
ty p es  and d i s t r ib u t io n  o f th e  ty p es  w ith in  th e se  f o r e s t s .
2 .1  L o ca tio n .
The sp o tte d  gum f o r e s ts  a re  lo c a te d  in  a  d isco n tin u o u s
d is t r ib u t io n  from Nowra in  th e  n o r th  to  Bega in  th e  so u th  and from the
ocean c o a s t to  a  maximum d is ta n c e  o f 20 to  23 m iles  in la n d . The sp ec ie s
i s  r e s t r i c t e d  to  th e  low er a l t i tu d e s  on g e n tly  s lo p in g  to  m oderate topography
e a s t  of th e  ta b le la n d  escarpm ent. F ig u re  1 i l l u s t r a t e s  th e  la rg e
v a r ia t io n  in  w idth  o f th e  zone. The bu lk  o f th e  sp o tte d  gum f o r e s ts
occur in  th e  b lock  from T Jllad u lla  to  B o d a ila . South from Bermagui th e
d is t r ib u t io n  o f s p o tte d  gum types i s  d isp e rse d  by o th e r f o r e s t  ty p e s . The
t o t a l  a re a  o f th e  South Coast s p o tte d  gum zone, shown in  th i s  f ig u r e ,  i s
approx im ate ly  1600 square  m ile s . The sp ec ie s  range (B lak e ley , 1955)
o
ex tends from th e  g en era l l a t i t u d e  o f  Maryborough, Queensland (25 S) to  
o
Bega N.S.W. (37 S) • An i s o la te d  occurrence  o f sm all commercial 
s ig n if ic a n c e  i s  found in  e a s te rn  G ippsland, V ic to r ia ,  where i t  i s  known 
by th e  name "M ottled  Gum!*.
The a re a  in v e s t ig a te d  was reduced  to  th e  workable s iz e  shown 
in  d e ta i l  in  f ig u re  2 . T h is s e c t io n  i s  lo c a te d  w ith in  the  c e n tr a l  p a r t  
o f th e  g en era l d i s t r ib u t io n  range and com prises th e  a re a  from Bateman*s Bay 
n o r th  to  T erm eil. The 20 m ile  square  a re a  i s  re p re s e n tiv e  o f th e  South 
Coast s p o tte d  gum types b u t minor changes have been known to  occur in  the  
l a r g e r  a re a  from Bega to  Nowra.
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2.2 Climate
2.2.1 Rainfall.
Rainfall for the central and northern part of the spotted 
gum zone varies between 35 and 45 inches (Water Resources of the Clyde 
Valley 1970). The southern section, south from Moruya, has a sli^itly 
lower rainfall of 30 to 40 inches (Water Resources of the Tuross Valley 
1970).
Although the region lies in latitudes where uniform rainfall 
is expected, summer rainfall is generally higher than winter rainfall.
A spring drought may occur throu^x the months of August to November.
August is usually the driest month receiving about 5 percent of annual 
rainfall. The wettest month varies from place to place in the area 
but is usually between January and April when between 2J- and 4 inches of 
rain can be expected.
Heavy storm rains may occur when an active depression is 
centred off the Coast. Falls greater than 12 inches in a 24 hour period 
have been recorded.
Extended periods of low annual rainfall are not uncommon.
In the past, major periods of drought have occurred from 1901 to 1909,
1935 to 1942 and 1964 to 1968. During the latter part of 1968 drought 
the Clyde River ceased to flow at Brooman (Water Resources of the Clyde 
Valley, 1970). During these drought periods available soil moisture may 
be very low, resulting in complete cessation of tree growth, a point to 
be discussed in later chapters.
2.2.2 Temperature.
Temperature data for Nowra and Bodalla are given in Table 1. 
These two centres better represent the whole zone than Bateman* s Bay or 
Moruya which are located on the Coast. The area within a mile or two of
the sea has a significantly modified range of temperature due to the
8in f lu e n c e  of th e  sea  and th e  sea b re e z e s .
TABLE 1,► Tem perature d a ta
( i ) NOWRA (E le v a tio n  50 f e e t )
Average tem pera tu re  (°F) based on 16 y ea rs  o f re c o rd
Month Jan . Feb. Mar. Apr. May June J u ly  Aug. Sept.O ct.N ov.D ec. Year
Average
Maximum 81.3  81 .1  78 .3  73>D 67 . 1 6 2 . 4 6 1 . 9  65 . 2 7 0 . 1 7 4 9 7 7 .2 7 9 .6 72.7
Average
Minimum 60.5  61.8  58 .7  53.4 49 .9  47 .0  45 .3  45.5  48 .9  52.0 5 4  7 58 .7 53.0
Average
D aily 70.9  71 .5  68 .5  63.2 58.5 54-7 53.6 55 . 3 5 9 . 3 6 3 .5 6 5 .969.1 62.8
H ighest on Record: 110.0° F . Lowest on Record: 31 .5°F .
( Ü )
Month
B0DALLA (E le v a tio n  40 f e e t )
Average tem pera tu re  C^F) based on 25 y ea rs  o f re c o rd .
Ja n . Feb. Mar. Apr. May June J u ly  Aug. S ep t. O ct. Nov. Dec. Year
Average
Maximum 76.2  77.6 75 .4  71 .1  66 .5  62 .9  62 .1  64.0 67 .5  70 .2  72 .2  74.9 70.0
Average
Minimum 58.2 59.2  55.9  50.4  44 .2  39.0 37 .4  39.1 43 .2  4 8 .4  52 .6  56.4 48.7
Average
D aily 67.2  68 .4  65.7 60.7  55 .3  50.9  49 .7  51.5  55 .3  59 .3  62 .4  65.7 59.3
H ighest on Record 113.0°F . Lowest on re c o rd  25.5°F.►
Very ho t days exceed ing  100 degrees a re  reco rd ed  when dry 
n o rth -w est winds blow in  th e  summer; 117 degrees was th e  maximum reco rd ed  
a t  Bateman*s Bay, Very h igh  to  extrem e f i r e  danger e x i s t s  d u rin g  th e se  
w eather c o n d itio n s .
2 .2 .3  F r o s t .
F ro s t  occurrence ranges from n i l  to  f i f t y  p e r y ear depending 
upon to p o g rap h ica l lo c a t io n  and p ro x im ity  to  th e  C o ast.
2 .2 .4  Wind.
D ata on th e  speed of extrem e wind g u s ts  and the v a rio u s  r e tu r n  
p e rio d s  a re  re p o r te d  in  W ater R esources o f th e  Clyde V alley  (1970) -  Table 2 .
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TABLE 2. Speed of extreme wind gusts
Extreme Wind Gust (m.p.h.) 85 90 100 105
Return Period (years) 10 20 50 100
(from Water Resources of Clyde Valley, 1970).
Strong southerlies are generally associated with coastal 
storms and northwesterlies occur with the steep high pressure gradients 
ahead of a southerly change,
2.2.5 Fire, Weather and Bush Fires.
The condition of the unmanaged forest is largely dependent on 
its fire history. Management problems are often related to the problem 
of extreme and widespread fire patterns. Winds from the west and north­
west during summer bring hot dry air from Central Australia and cause 
periods of extreme danger. When fires occur under these conditions 
suppression is extremely difficult if not impossible. For example,during 
the 1968 fire season large parts of the spotted zone were burnt. Fire 
danger rating on the McArthur scale exceeded 100 at one fire I attended; 
the situation was too dangerous to attempt control until the southerly 
change brought more humid air and lessening of the wind speed.
Although spotted gum is more resistant to death by fire than 
the other coastal species such as blue gum (E.saligna.Sm) and blackbutt, 
(E.pilulaxis. Sm), degrade of the forest occurs with all major fires. Fire, 
under the influence of the variations of humidity windspeed and drought, is 
a most important ecological and management factor.
2.3 Soils.
The classification of soils used with the forest type 
descriptions below follows Stephens (1956)• The most detailed examination 
of soils in the study area was made by Walker (i960) who placed the spotted 
gum area under study into three major soil associations. (A soil association 
is a complex of soil families).
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The two most im portan t a re  th e  Mundaloo -  Jamberoo a s s o c ia t io n  
of p r a i r i e  s o i l s ,  th e se  a re  re d d ish  or y e llo w ish  p r a i r i e  s o i l s  w ith some 
grey-brown s o i l s  on s tro n g  r e l i e f  landscape  o f f in e  g ra in ed  sedim entary  
ro ck s; and th e  Cumberland-Parma a s s o c ia t io n  com prised o f re d  p o d z o lic s , 
yellow  p o d zo lics  and re d  e a r th s  on f in e  g ra in ed  sedim entary  ro ck s  where th e  
r e l i e f  i s  m ild . The Nowra-Jamberoo a s s o c ia t io n  c o n s is t in g  o f re d d ish  o r
y e llo w ish  p o d zo lic s  o r p r a i r i e  s o i l s  i s  o f l e s s  im portance.
The r e la t io n s h ip  between th e  s o i l  c l a s s i f i c a t i o n  system o f 
N orthco te  (N orthco te  1965: A tla s  of A u s tra lia n  s o i l s  1965) th e  grouping 
of s o i l  fam ily  based a s s o c ia t io n s  by W alker ( i 960) u s in g  Stephens (1956) 
c l a s s i f i c a t io n  by g re a t s o i l  groups i s  shown in  T ab le  3 .
TABLE 3 « C la s s i f ic a t io n  o f s o i l s  o f th e  South Coast s p o tte d  gum f o r e s t .
Stephens (1956) C la s s i f ic a t io n  N orthco te  (1965) as used in
(a s  used by Walker ( i 960) to  d e sc r ib e  A tla s  of A u s tra lia n  S o ils
s o i l  fa m ilie s  on th e  South C oast) (1965)
R eddish p r a i r i e  s o i l s  
P r a i r i e  s o i l s  
Red p o d zo lic
Yellow po d zo lic
F r ia b le  re d  e a r th s  Gn 3 .1
F r ia b le  brown e a r th s  Gn. 3 .2
Duplex s o i l  w ith  nard  s e t t in g  
su rfa c e  and re d  c lay ey  su b so il
Dr. 2 .2
Duplex s o i l  w ith  hard  s e t t in g  
su rfa c e  and yellow  c layey  
s u b s o i l .  _. _ .
2 .4  Geology.
The geology of th e  Nowra to  Bega a re a  i s  co n ta in ed  on th re e  
A u s tra l ia  1:250,000 G eological S e rie s  S h e e ts . They a re  Wollongong, 
U lla d u lla  and Bega.
The sp o tte d  gum f o r e s t s  a re  lo c a te d  on s h a le s , s l a t e ,  c h e r t ,  
sandstone and p h y l l i t e  from th re e  g e o lo g ic a l p e r io d s . The e a r l i e s t  a re  
te n ta t iv e ly  p laced  as Cambrian. S la te  and p h y l l i t e  from t h i s  tim e occur 
im m ediately b o th  n o rth  and sou th  from Bateman*s Bay bu t i t s  occurrence i s
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limited. A major part of the zone, the central and southern section, 
is based on Ordovician sediments, these together with their igneous 
intrusions are located generally south from Termeil and a few miles inland 
from the Coast. Moruya "granite", tentatively placed in the Silurian, 
is found intruding into the Ordovician sediments from Cur rowan trig to 
Moruya. This "granite" carries spotted gum type, often in pure stands, 
as seen on the Braidwood road whereas no spotted gum occurs on the more 
reeent monzanite at Milton and Mt. Dromedary. The monzanite has a high 
nutrient status.
In the northern part of the area spotted gum type is found 
on sandstones and siltstone of the Permian, Shoalhaven group, principally 
the Conjola formation and the Nowra sandstone.
2.5 Forest Types.
The spotted gum forest is characterised by a pattern of
changing species, species associations, sub types and types. Baur (19&5)
established seven types within the " spotted gum league". Five of these
are found on the South Coast. He defines a forest type as "any group of
tree dominated stands which possess a general similarity in composition
and character." The forest types used are based on ecological principles.
They are not necessarily the climax form but except for this feature they
are similar to ecological associations or groups of associations as defined
by Beadle and Costin (1952). The "forest type" classification was
primarily intended as an aid to forest management and for this reason
Baur's classification rather than the ecological approach of Beadle and
Costin is used in this work. The five spotted gum types found on the 
South Coast are
2.5*1. Spotted gum - Sydney blue gum or Bangalay type.
This type is composed of spotted gum and Sydney blue gum 
(E. saligna, Sm) as joint dominants in a wet sclerophyll forest with good 
height development. It occurs in the more favoured gully sites growing
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to 150 feet hi$i. Occasional blackbutt (E. pilularis, Sm) and Woolly- 
butt (E. longifolia. Link and Otto) are found as minor associates. The 
understorey is usually a dense layer of rainforest shrubs and vines. The 
soils range from yellow podzolic at the upper levels to prairie soils on 
the lower slopes and gully bottom situations. Walker (i960) described 
the soils generally as "prairie soils".
2.5.2. Spotted gum - blackbutt type.
This type is less widely seen now due to selection logging 
prior to active forest management. Large stumps indicate widespread 
occurrence in the past. Spotted gum and blackbutt dominate the stand; 
blue gum and grey ironbark (E. paniculata. Sm) sometimes are present as 
minor species. The understorey is most commonly a moist shrub layer 
with a high proportion of wattle but this feature is highly variable. The 
type occurs away from the ridge top in the mid and lower slope position 
except where relief is afforded by major topographic features. The soils 
are yellowish podzolics.
2.5.3. Spotted gum - yellow stringybark type.
Spotted gum and yellow stringybark are the major species 
in this type although Mountain Grey gum (E. cypellocarpa L. Johnson) and 
woollybutt may also occur. It is usually a wet sclerophyll forest with 
dense understorey found on the higher altitude areas away from the coast. 
Baur (1965) describes it as the connection between the Messmate - Brown 
Barrel league and the spotted gum league. The type is found in the mid 
to lower slope position on podzolic soils derived from modified Ordovician 
sediments.
2.5.4. Spotted gum - ironbark type.
The spotted gum-ironbark type is located on well drained 
and shallow ridge soils generally upslope from the spotted gum, and spotted
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gum - blackbutt type, in the general mosaic. It forms a dry sclero- 
phyll forest with minor xerophytic understorey shrubs and a grass layer. 
Best stand development is found on areas with mild relief. When the 
topography is steep the stands on the harsher aspects become stunted, 
restricted in size, and generally unattractive for commercial forestry.
Red podzolic soils are found on the harsher sites but tend to yellowish 
podzolics on sites of lesser relief.
2.5.5« Spotted gum type.
This is a variable type in which spotted gum dominates the 
stand. It can range from a pure stand with various levels of association 
with other eucalypt species. The associates most frequently encountered 
are blackbutt, grey ironbark, blue gum, turpentine (Syncarpia glomulifera 
Sm - Niedenzu) (south to South Brooman State Forest the southern limit of 
turpentine distribution), yellow stringybark (E. meulleriana, Howitt), 
white stringybark (E. äoboidea. Blakely) and mountain grey gum.
The understorey is variable, ranging from grass patches to 
a shrub understorey. Burrawangs (Macrozamia communis) often form a 
major part of the understorey.
Two major sub-types can be recognised; the first is the 
pure or practically pure spotted gum stand. An example of this type 
occurs on soils derived from Silurian granite approximately 10 miles west 
from Bateman's Bay. The minor species in this area is maidens gum 
(E. maideni, F. Muell). Burrawangs are prolific in the understorey.
In the second subtype spotted gum occurs as a principal 
component within a complex mixture of associate species. This mixture 
of associates usually includes the species described in the types above 
and therefore to prevent confusion and mixing of the previously described
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types the stands are classified only on the principal species, spotted gum. 
The subtype is variable ranging from moderately dry to moist sclerophyll 
forest. Soils also are variable and range from reddish and yellowish
podzolics to red and yellow prairie soils.
2.6 Distribution of forest types.
Complex distribution patterns exist both within the various 
spotted gum types, and between the spotted gum type and associations 
dominated by other eucalypt species. The variations are particularly 
important when forest management is considered. A typical distribution 
pattern is presented in figure 3. The figure illustrates the dis­
continuous nature of the types. The pattern broadly follows topography 
and the inherent differences in aspect, climate, moisture regime and soil 
characteristics associated with topography.
Spotted gum - ironbark forest is found on the ridges and upper 
slopes, more rarely in the gully. The spotted gum - blue gum type is 
usually in the gully. The various mixtures with blackbutt and other
species occur on the slopes. The types without spotted gum as a 
component increase the complexity of the pattern. White stringybark - 
Sydney peppermint (E. piperita, Sm) and silvertop ash (E. sieberi, L.Johnson) 
occurs in large patches. Sydney blue gum, often hybridized with bangalay 
(E. botryoides, Sm) forms "pureu stands in gully situations.
Three measured examples are given to demonstrate patterns of 
forest types found in the study area.
F I G U R E  3
An example of the complex distribution pattern 
of spotted gum types -  South Brooman State Forest.
Scale-. I:I5040
LEGEND
Type boundaries are shown*.
Drainage pattern : — — ------- ->~
Type O Brushwood species
1 Spotted Gum
2 Spotted Gum -  Ironbark.
3 Spotted Gum — Blackbutt.
4 Spotted Gum — Blue Gum.
5 Blue Gum.
6 Sydney Peppermint -W h ite  Stringybark.
7 Bloodwood White-Stringy bark.
16
2.6.1. Type distribution pattern, Benandarah State Forest.
The pattern of forest types was recorded for an easterly aspect 
over the slope ranging from ridge top to gully bottom. A series of trans­
ects was laid out at right angles to the ridge top and the trees were 
recorded by diameter over bark at breast height and by species. The 
transects ranged from eight to fourteen chains in length and to overcome 
the differences in total distance over the slope each transect was divided 
into eight equal sections. The stocking on a per acre basis was calculat­
ed for each section. The results are tabulated below in Table 4*
TABLE 4. Stocking per acre of trees recorded 4 inches d.b.h.o.b. and
above on transects in Bsnandarah S.F. Each transect was divided 
into eight sections, section 1 in the gully and section 8 on the 
ridge top._________________________________________________________
Species Transect Section Number
8
24 
5
25
Spotted gum - ironbark 
type, except for transect 
section 6 which was 
spotted gum-blackbutt 
type.
6
27 22 25 18
40 15 25 30 3
3 10 25 1
5 30 10 3
Blue gum 
Spotted gum 
Blackbutt 
Ironbark
Species type Biue gum Spotted gum- 
classification blue gum
Blue gum occurs as a pure stand in the gully, this merges into a 
spotted gum - blue gum type on the lower slopes. With increasing distance 
upslope blackbutt and ironbark replace the blue gum. On the ridge the 
spotted gum - ironbark type is found; the type continues over the ridge on 
to the western aspect, not sampled in this study. The regeneration and 
understorey will be discussed later in Chapter 5.
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2 ,6 .2  Type d i s t r ib u t io n  p a t te r n ,  Yadboro S ta te  F o re s t .
The d is t r ib u t io n  p a t te r n  was reco rd ed  fo r  an a re a  on Yadboro 
S .F . ,  t h i s  a re a  i s  c lo se  to  th e  w estern  l im i t  of th e  sp o tte d  gum zone. The 
m ajor r id g e  system i s  o r ie n te d  n o rth  e a s t  to  sou th  west and th e re fo re  th e  
a sp e c ts  invo lved  a re  n o rth  west and so u th  e a s t ,  th e se  two a sp e c ts  have th e  
g r e a te s t  c o n tr a s t .  The d a ta  a re  e a s i ly  s im p lif ie d  because in  th e  s i t e s  
s e le c te d  each a sp e c t was occupied by only  one ty p e . On th e  r id g e  top  and 
th e  no rth w este rn  a sp ec t th e  s tan d  was a  bloodwood (E . gummifera (G aertn . ;Hochr) 
-  w h ite  s tr in g y b a rk  type w ith  o ccas io n a l s i l v e r  top  ash ; on th e  so u th ea s te rn  
a sp e c t sp o tte d  gum, w hite  s tr in g y b a rk  and iro n b a rk  occu r. Once ag a in  th e  
t r a n s e c ts  were d iv id ed  in to  e ig h t p a r t s ,  s e c tio n  1 c lo se  to  th e  g u lly  on the  
s o u th e a s te r ly  a s p e c t ,  s e c tio n s  4 and 5 on th e  r id g e  top  and s e c tio n  8 c lo se  
to  th e  g u lly  on a n o rth w e s te r ly  a sp e c t -  T able 5*
TABLE 5 . S tock ing  p er a c re  in  t r e e s  4 in ches d .b .h .o .b .  and above on
Yadboro S .F . Each t r a n s e c t  was d iv id ed  in to  8 s e c t io n s , s e c tio n  
1 c lo se  to  th e  g u lly  w ith  a  s o u th e a s te r ly  a sp e c t, s e c tio n s  4 and 
5 on th e  r id g e  top and s e c tio n  8 c lo se  to  th e  g u lly  w ith  a 
n o rth w e s te r ly  a sp e c t.
Species T ran sec t S ec tio n  Number
1 2 3 4 5 b 7 8
Bloodwood 50 105 110 70 25
S ilv e r to p  Ash 10 35 25
W hite S trin g y b ark  25 30 20 15 70 75 90 40
S po tted  gum 65 so :L12 15
Iro n b a rk 43 27 34 40
Species type S po tted  gum - T ran s- Bloodwood -  w hite
c l a s s i f i c a t i o n iro n b a rk  type i t i o n s tr in g y b a rk  ty p e .
The s o i l ,  a  p a le  re d d ish  p r a i r i e  s o i l ,  i s  s im ila r  on bo th  a s p e c ts . 
However, in c reased  rock  fragm ents from th e  sh a le  p a re n t m a te r ia l and a 
l e s s e r  dep th  of th e  A h o rizon  a re  reco rd ed  from th e  n o rth w e s te r ly  a sp e c t.
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2,6.3 Vegetation distribution pattern - Boyne State Forest.
The third example uses data collected by students in the 
Ecology course of the Forestry Department at the Australian National 
University. The exercise was held on Boyne State Forest on land of 
moderate to steep topography. Roughly parallel transects (at right 
angles to the east west ridge), sampled the northern and southern aspects. 
The measurements were made at four equally spaced locations from gully to 
ridge top for each aspect. The results for each level on the slope were 
then pooled to represent zones of similar position on the slope. Each 
listed plot is based on data from seven separate transects spread over 
approximately 30 chains along the ridge top. The total area sampled
is approximately 30 acres. The data in this form are set out in 
Table 6 and the distribution pattern is graphed on figure 4«
62-5
5 0 0
37 5
Number of 
trees per acre.
2 5 0
12-5
4 0 0
Relative 
elevation 
in feet.
200
O
F I G U R E  4
Vegetation distribution 
pattern . Boyne State 
Fores t. r
Ironbark
Red Mahogany
PLOT
Associated topography
Ridge top N orthern
aspect
Southern
aspect
PLOT
TABLE 6 . Stocking per acre in trees 4 inches d.b.h.o.b. and above on 
seven transects on Boyne State Forest, Each transect was
divided into eigit plots, plot 1 close to the gully on the 
southerly aspect, plots 4 and 5 on the ridge top and plot 8 
close to the gully on the northern aspect.
Species Plot numbers
1 2 3 4 5 6 7 8
Spotted gum 11.2 43.6 44.8 66.6 41.7 46.7 39.2 61.0
Ironbark 3.1 13.1 35-5 32.4 18.7 16.2 10.6 12.5
Bloodwood 1.2 2.5 1.9 1.2 0.6 1.2 2.5
Blue gum 3.7
White stringybark 3.7 30.5 50.4 52.9 41.1
Red mahogany 
(E.pellita F.Muell) 0.7 3.1 1.2
Total 19.2 59.2 82.2 D3.9 91.5 114.0 107.0 118.3
Species type 
classification
Spotted 
gum - 
blue
Spotted gum - 
ironbark Spotted gum type
gum
A ringbarking treatment in 1925 and logging in 1959 - 60 does 
not alter the species distribution although the stand density is reduced 
slightly on the southern side.
White stringybark occurs only on the ridge top and northern 
aspect where numerically it exceeds spotted gum. Elevation may deter­
mine the relative numbers of the principal species on the northern slope 
but is not critical to species distribution. Despite the high numbers 
of white stringybark in the middle slope section of the northern aspect 
it is still classed as a spotted gum type as there are more large spotted 
gum trees,
Sydney blue gum occurs infrequently on the lower elevations of 
the southern aspect. This is the spotted gum - blue gum type. At higher
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elevations on the southern aspect the number of ironbark reach a maximum 
then start to decline as stringybark numbers rise strongly on the ridge top 
and northern side. The character of the ironbark forest is recognised in 
the classification given to this forest type, namely spotted gum - ironbark.
Rainforest elements occurred associated with blue gum on the lower 
southern aspect. At the transition between rain forest and sclerophyll 
seedling regeneration (smaller than 4*6" in height) and saplings (less than 
6" in diameter but greater than 4*6" in height) were recorded in increasing 
numbers with increasing elevation. The lack of regeneration where rain 
forest understories are found is a general pattern and is discussed in more 
detail in Chapter 5*
The soils also vary from the southern gully to the ridge top and 
then on to the northern gully. At lower elevations on the southern side 
brown prairie soils support the spotted gum - blue gum type. This soil 
changes to have two quite separate horizons in the higher southern locations. 
The spotted gum ironbark occurs in this area. On the ridge top and down 
the northern aspect the soils are red and yellow podzolics, the yellow at 
the lower horizons toward the gully. Spotted gum type with its major 
associated species, white stringybark, occurs on the podzolic soils. The 
higher number of small white stringybark on the mid-slope northern aspects 
corresponds to areas of maximum drainage and very dry soils.
2.6.4 Factors affecting species distribution.
The pattern of vegetation on the South Coast is poorly documented. 
McColl (1965) is the only source of reference for the spotted gum zone. He 
examined sharply delineated ecotones between bloodwood and spotted gum and 
that between spotted gum and blue gum in an attempt to define the factors of 
the physical environment limiting the distribution of the species. In the 
area on Benandarah S.F. selected by McColl each of the four species associat­
ions studied were roughly related to topography. This pattern is not as
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c le a r  on o th e r a re a s , p a r t i c u la r ly  where topography i s  le s s  d e fin ed .
The fo u r a s s o c ia t io n s  d e fin ed  by McColl a re  th e  bloodwood 
a s s o c ia t io n ,  u s u a lly  on r id g e  to p s ; th e  sp o tte d  gum -  iro n b a rk  and th e  
sp o tte d  gum -  b la c k b u tt a s s o c ia t io n  lo c a te d  on th e  s lo p e s ; and th e  b lu e  
gum a s s o c ia t io n  in  s h e lte re d  g u l l i e s .
A number o f p h y s ica l s o i l  p ro p e r t ie s  were in v e s t ig a te d  b u t a l l  
f a i l e d  to  account fo r  th e  d if fe re n c e s  between th e  bloodwood and sp o tte d  
gum a s s o c ia t io n s .  The bloodwood s o i l s  have a  h ig h e r sand co n ten t and 
low er c la y  c o n te n t, lower f i e l d  c a p a c i t ie s  and permanent w il t in g  p o in ts ,  
narrow er ranges of a v a i la b le  m o is tu re , l e s s  pore space and h ig h e r bu lk  
d e n s i t ie s  than  th e  s o i l s  su p p o rtin g  s p o tte d  gum. The ranges o b ta in ed  
f o r  th e se  s o i l  f a c to r s  a l l  overlapped , however, and th e  s o i l  m o istu re  d a ta  
may n o t be re p re se n tiv e  due to  th e  s tu d y  b e in g  c a r r ie d  out du rin g  a year o f 
u n u su a lly  h igh  r a i n f a l l .  L im ita tio n  o f sp e c ie s  d i s t r ib u t io n  may occur 
on ly  d u rin g  tim es o f h ig h  s t r e s s .
A gain, chem ical an a ly ses  re v e a le d  no s ig n i f ic a n t  d if fe re n c e s  
between th e  p a ire d  s i t e s  in  bloodwood and s p o tte d  gum ty p e s . The 
d if fe re n c e s  found sug g est th e  s o i l s  su p p o rtin g  bloodwood a re  g e n e ra lly  o f 
low er f e r t i l i t y  than  th o se  su p p o rtin g  s p o tte d  gum. The g ra d ie n t found 
in  most of th e  m ajor n u t r i e n ts  r e f l e c t s  th e  g en era l g ra d ie n t from r id g e  to  
g u lly  observed by b o th  Baur (1957) and. F lo ren ce  (1963» 1964) in  o th e r 
E ucalyp t fo r e s ts  where s im ila r  sp e c ie s  d i s t r ib u t io n  p a t te rn s  a re  found.
S ig n if ic a n t  c o r r e la t io n s  were found between s o i l  phosphorus 
and l e a f  phosphorus in  th e  s p o tte d  gum a s s o c ia t io n  and s o i l  calc ium  and 
b o th  l e a f  calcium  and b a rk  calcium  fo r  th e  b lood wood a s s o c ia t io n .  In  
co n c lu s io n , McColl su g g ests  th e se  c o r re la t io n s  in d ic a te  d if fe re n c e s  in  
th e  n u t r i e n t  up take , and perhaps req u irem en ts , o f  th e  two sp ec ie s  and thus 
th e  two a s s o c ia tio n s  a re  n o t supported  by the same s o i l .
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In addition to the Benandarah study McColl investigated a 
transect across an ecotone from pure bloodwood to pure spotted gum on Mogo 
State Forest. The parent material was graoodiorite; the soil ranged from 
a grey brown or brown podzolic where the spotted gum occurred to a yellow or 
grey brown podzolic where the bloodwood occurred. Various soil properties 
were studied. Gradual changes in soil were related to changes in the 
Eucalypt association but these changes were not sufficiently sharp to denote 
a causal roll in the determination of vegetation pattern.
When blue gum soils were compared to spotted gum soils at 
Benandarah the blue gum was found on soils of higher nutrient content that 
those where spotted gum occurred. In addition, the blue gum soil has a 
high ratio of capillary to non-capillary porosity, indicating slow movement 
of soil moisture and poor soil aeration. Possibly restricted aeration 
excludes spotted gum from the wetter, heavier textured soils in the gullies 
resulting in pure stands of blue gum. The ecotone between blue gum and 
spotted gum is not always sharp as described by McColl. In fact, the two 
species co-exist over large areas and both in this thesis and the classificat­
ion of forest types by Baur (1965) this mixture is recognised as a distinct 
type.
Failure to delineate significant differences in the physical 
environment of soils supporting the spotted gum and bloodwood associations 
leaves unresolved the question of limiting factors in the species distribution 
pattern. Florence (1963, 1964» 1965 and 1968) studied factors associated
with the distribution of certain eucalypts on the Australian east coast.
Spotted gum was not studied. However, there is the distinct possibility of 
similar relationships to those found by Florence for blackbutt and white 
mahogany (E. acmenioides Schau) existing between spotted gum, blackbutt, 
blue gum and ironbark on the South Coast and consequently the work is discussed
below in more detail
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Florence (1964) investigated the edaphic factors responsible 
for the complex vegetational pattern in east coast forests and concluded 
differences in the geological pattern were responsible for some major 
features of the vegetational distribution. Examples axe given where 
blackbutt forest is restricted to certain parent materials. Baur (1957) 
provides a further example in northern N.S.W. where a belt of blackbutt 
occurs on a soil with rhyolite parent material whilst the surrounding rain 
forest is on soil with basalt parent rock. Florence (1964) aiso 
speculated on the distribution of blackbutt and white mahogany as being 
due to different parent rock and soil relationships. Alternatively, he 
noted how on the same rock type there sire many examples where physical 
properties of the soil appear to govern the distribution pattern and 
suggested distribution of blackbutt is limited by physical properties of 
the soil which restrict aeration, moisture permeability or penetration of 
the roots to depth. Thus nutritional levels appear not to be critical 
factors in the distribution pattern of the blackbutt - white mahogany type 
(Florence 1964) and for the spotted gum - bloodwood type McColl (1965)•
In the blackbutt - white mahogany association improved nutrient levels 
did not affect the relative distribution of the two species but rather 
the vegetational gradient tended towards rain forest.
Winterhalder (1963) measured approximately 129 + 39 p.p.m. 
manganese in the foliage of bloodwood and suggested the species is sensitive 
to soil manganese levels and is at a competitive disadvantage compared to 
other species where this element occurs in hi$i concentration in the soil. 
McColl and Humphreys (1967) carried out further foliage analysis and found 
130 + 13 p.p.m. for bloodwood and 476 + 62 p.p.m. for spotted gum. They 
suggest spotted gum may be more tolerant to manganese.
Cremer (i960), Gilbert (1963) and Mount (1964) discussed the
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distribution of Eucalypts and the inter-relationship with the 
distribution of rain forest. They considered fire plays an important 
part in the distribution pattern of the ash type Eucalypts found in 
Tasmania. Spotted gum trees are more resistant to fire than the ash 
type Eucalypts, deaths from fire are rare and for this reason the even 
aged regrowth stands common in the ash type are not found in the spotted 
gum forest.
The distribution patterns of the spotted gum types and the 
associated Eucalypt types are found in a predicable complex pattern 
related to topography but the factors which ultimately control the pattern 
are not clear. Strong argument can be made for the control being
achieved by edaphic factors similar to the other East Coast Eucalypts 
discussed by Florence. Fire, however, is an integral part of the South 
Coast climate and its effect on species distribution is not known.
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CHAPTER 3.
IRREGULAR SPOTTED GUM FORESTS AS WOOD PRODUCTION UNITS.
3 »0 General.
The condition of the growing stock i s  an important factor 
in  the management opportunity available for a forest. The s i t e ,  the 
species, past management and treatment a l l  have an influence on growing 
stock. Curtin (1970) has shown for blackbutt dominated coastal hard­
woods the correlation between the lev e l and quality of the growing stock 
and the opportunity to obtain a sustained y ie ld .
3.1____ The Condition of the Irregular Forest.
There i s  a wide range in the condition of the irregular 
spotted gum forest. The species type and s it e  quality contribute to 
th is range and these remain re la tiv e ly  unchanged under systems intended 
to retain the uneven aged irregular forest. The growing stock may be 
altered by management as logging and s ilv icu ltu ra l treatment can a lter  
stocking numbers, basal area and volume. Qualities of the growing stock 
are indicated by the stocking density, the vigour of the crown and the 
proportion of useless material in the boles. A ll these features have 
serious management implications and as a prerequisite to discussions of 
management opportunities the basic parameters and growing stock quality 
w ill be examined.
3 .1 .1 . C lassification  of growing stock quality.
In the examination and comparison of the growing stock 
quality within and between stands the c la ss if ica tio n  of dominance as 
defined by Smith (1962 p.33) has been adopted althou^i the Crown class  
t i t le s  have been changed to those used previously in N.S.W. Smith’s 
intermediate has been changed to sub-dominant and overtopped trees are
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termed suppressed. The classification is founded on the understanding 
that in both irregular forest and even aged stands certain trees have 
greater vigour than their neighbours in the stand. This situation 
perpetuates itself as competition becomes greater, for the more vigorous 
trees are likely to occupy the superior positions in the crown canopy and 
thus have the greatest chance for best growth in the future. Conversely 
the dominated become increasingly more dominated as their vigour is reduced. 
Position in the general canopy is therefore important in determination of 
the growth of the stand.
The vigour or condition of the crown can be classified as 
well as the dominance class. Three classes are used, generally referred
to as crown class 1, 2 and 3. The classification is based on the activity 
of the crown as displayed by new growth and absence of dead or dying growth 
and the shape of the crown. The three classes are :
Crown class 1, the good crown, showing evidence of new 
growth and active crown expansion, a well balanced crown with no dead wood 
in the major section.
Crown class 2« the intermediate crown, showing little 
evidence of active expansion, often irregular in shape and with some 
significant deadwood in the major crown.
Crown class 3. the poor crown, showing crown reduction by 
the presence of fewer active leaves, often epicormic in origin, and with 
large numbers of dead and dying branches. Crowns in this class are often 
badly deformed and out of balance, caused by intense suppression from other 
stand members.
The third aspect of growing stock quality assessed is the 
relationship between useful and unmerchantable material. Each tree at
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measurement is allotted to a merchantability class. Three classes are 
used; classes 1 and 2 are useful, class 3 is useless. The division is 
sharp, but unfortunately the results do not reflect this precision. Trees 
are placed in class 3 when entirely unmerchantable; when partly useful 
the assessed tree is placed in either class 1 or 2. This classification 
does not indicate what proportion of the class is actually useful and the 
bole volume is used to overcome this problem.
The useful classes 1 and 2 were intended to separate trees for 
sawlog purposes from round timber, mining timber or poles. However, the 
two classes are combined due to the difficulty found in assessment practice 
to differentiate the mining timber removed as thinnings from the sawlog 
growing stock. The classification of trees into these merchantability 
classes is based on current 1971 standards of utilization and will require 
amendment with changes in the future. The current standards are 
considered to be high in comparison to general Eucalypt forest utilization. 
The industrial timber market centred on Port Kembla is the main reason for 
this hi^i level of utilization. Based on tie Forestry Commission of N.S.W. 
residual stumpage system sawlogs are sold with defect levels which reach 
60 to 70 percent of the Hoppus volume. The minimum sizes for removal 
from the study area are 12 feet in length and 12 inches in diameter under 
bark at the small end. The log of both minimum length and diameter 
should be relatively straight and defect free.
Bole volume assessment is made from the natural bole length 
and diameter. The difference between bole volume and assessed volume 
indicates the quantity of the material not recognised in routine forest 
assessment. In old growth forest which has suffered from the effects of 
climate, fire and biological degrade, the useful length of the bole may 
only be a small proportion of the whole.
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Many assessments are not interested in unmerchantable volume, 
but in others, where a clearer picture of stand condition is required, the 
following method allows assessment of both useful and useless material. The 
height to the natural limit of the bole is assessed. This is usually where 
major limbs of the crown limit the log. A merchatable log length is also 
assessed and from these two the total volume and the saleable volume can be 
derived. Thus an estimate of current stand quality or efficiency as future 
growth capital can be obtained.
3.1.2. Stand data calculation.
The basic data used in this thesis was compiled and calculated 
by computer at the A.N.U. Merchantable log lengths and diameter at breast 
height v/ere used in a programme designed to calculate volume also increment 
rates divided by dominance classes and crown classes. Stocking numbers 
throughout the thesis will be in trees per acre (t.p.a.); basal area in 
square feet and volume in super feet Hoppus.
3.1.3. Check of volume table for small sized trees.
The volume table published in Tables for Forest Officers 
(Forestry Commission of N.S.W. 1966) has 8 inches diameter as the lower limit 
and therefore it was decided to check the volume table used in the calculation 
against a sample of trees measured from Benandarah forest.
For the check 51 trees between 5,6 inches and 14.0 inches
d.b.h.o.b. were felled and measurements taken over and under bark up the bole
to the merchantable limit. The data was processed by computer using a
programme written hy Phillis (1970) based on the graphical method and the
Smalian formula. The programme provided individual tree volumes to
particular merchantable limits. These could be used to form a volume
equation which, if necessary, would apply to smaller trees whilst the usual
’’Silres" or "Hardass" equation of the Forestry Commission of N.S.W. was
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accepted for the larger trees.
This two volume equation approach did not prove necessary as 
the "Silres" equation fitted closely the trees felled and calculated in 
the sample and the new small tree volume table. Consequently the 
11 Silres" equation -
Merch. Merch.p
Volume - 1.765 + B.A. x (-25.0586 + 6.445 x Height -0.02496 x Height )
was used for all volumation.
3.2. The Irregular Spotted Gum Forest - Stand condition and growth 
Characteristics.
The quantity and quality of products created by a forest are 
greatly variable depending upon the species involved, the climate, the 
site factors and the growing stock. Emphasis is placed on the growing 
stock in the relationship to growth, yield and increment factors. Alter­
ation of site and species by fertilizer and planting are possible but for 
the present, the growth of the spotted gum type forests on sites and under 
conditions currently existing on thousands of acres of State Eorest is the 
issue in hand. The variations in growth rates produced by various 
degrees of silvicultural treatment which removes cull trees and promotes 
regeneration are studied.
Curtin (1970) discusses the productivity of irregular Eucalypt 
forests and it is against this background that the South Coast data will 
be presented. The similarity in growth and behaviour of many Eucalypts 
warrants this approach for in this way the deficiencies in South Coast 
data may be partly overcome by inferences from other species and location. 
Curtin notes records of growth rates in excess of 200 cubic feet per acre 
per annum on small growth plots but points out Jacobs (1955) stated "the 
greater part of the Australian native forest has deteriorated under a cut 
that has never exceeded an average of 6 cubic feet per acre per year.”
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Henry (1961) is more optimistic and expects the yield from managed forests 
in N.S.W. to be in the order of 20 to 25 cubic feet, improving with further 
treatment, Curtin (1970) presents a table listing average net yield 
since 1920, calculated sustained gross yield and useful growing stock for 
a number of forests and species in N.S.W. The past yield ranges from 
3.0 to 33.6 cubic feet per acre per annum and the future sustained yield 
at 5*3 to 38.6 cubic feet per acre per annum.
The Kioloa Management Area, which comprises the major part of 
the spotted gum zone in the intensive study area, has a sustained yield of 
8.4 cubic feet per acre per annum for the whole 95»000 acres. If the area 
is reduced to the productive forest area the yield rises to 12.8 cu.ft. per 
acre per annum. The yield and growing stock fit the lower area of the 
relaiaonship shown by Curtin (1970) for useful growing stock and present 
sustained yield. From these figures he concludes the level and quality 
of the growing stock, despite a balanced distribution of size classes, is 
below that necessary for high sustained production. Henry (1961) forecast 
a sustained yield in spotted gum of 7 to 10 cubic feet whilst McGrath (1965) 
probably based on the drier, poorer spotted gum type common in Queensland 
forecast 5 cubic feet per acre per annum.
Examples are presented to show the range in growing stock 
and growth rates for irregular spotted gum forest within the study area.
3.2.1. An example from Benandarah State Forest.
The Benandarah State Forest has been selectively logged 
many times. Various forms of treatment have covered axx areas at least 
once and some areas three times. The first treatment was in 1921. 
However, part of the area ascribed to that year was also shown as silvicult- 
urally treated prior to the 30th June, 1921. The 1921 treatment was
primarily a cull ringbarking of the large veterans. Remnants of these
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rung trees and the stumps, often boarded up 15 feet for log felling, 
are still present. Little treatment was applied to the subdominant 
and suppressed members of the stand in these early days.
The second treatment, started in the mid-1930s, was also a 
cull ringbarking, but it removed smaller sized subdominant and suppressed 
trees as well as any larger useless material.
The third treatment round started in the mid-1950s. A 
deficiency in small sized trees was recognised by this time and the 
Australian group selection system was used in an attempt to overcome the 
shortage. The treatment continued following intermittent logging up 
until 1969» by which time the group selection system had undergone 
considerable modification and could only be described as a clear felling 
with seed trees. The effectiveness and suitability of the treatments 
are discussed in later chapters.
The plots for the spotted gum forest data were selected from 
the continuous forest inventory plots established on Benandarah State 
Forest in 1959« It is the only forest in the sub-district with plots 
established to determine general growth features in irregular forest.
The few older growth plots are all established in selected prime stands 
with well above average site quality. The inventory was designed to 
cover the whole forest with plots on a 20 chain by 20 chain grid with a 
random starting point. The plots are quarter acre circular with a 
peg at the centre. At the time of establishment bias in the treatment 
of plots in relation to the surrounding forest was suspected and the 
plots were not marked conspicuously. An attempt at photo pin pointing 
m s  made but the lack of field marking resulted in only fortyone plots 
being relocated in 1965 • Twentysix plots remeasured in 1971 lor this 
study were selected from these. The plots selected had to satisfy two
criteria; firstly, the number of spotted gum had to be greater than 
one third of the total plot stocking and, secondly, the stand had to be 
composed of one of the spotted gum types listed in Chapter 2. All stands 
which satisfied the numerical proportion did in fact belong to one of 
the spotted gum types. The distribution of the 26 plots into species
types was :
13 plots - spotted gum type 
7 plots - spotted gum - ironbark type 
4 plots - spotted gum - blue gum type 
2 plots - spotted gum - blackbutt type
The trees were assessed and classified into both dominance 
and crown classes. All plot data are combined as the small number of 
plots and the large variation between plots, and within species types 
prevented useful subdivision.
The stocking and growth data are summarised in Table 7«
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The long  h is to r y  o f trea tm en t has been su c c e ss fu l as the  
u s e fu l  volume a t  11136 super f e e t  Hoppus per a c re  i s  81.5 p e rcen t o f th e  
t o t a l  s tan d  volume w ith in  th e  p lo t s .  F u r th e r , no unm erchantable 
dom inants and on ly  an average o f 3 .2  co-dom inants p e r ac re  rem ain . The 
rem oval o f th e  la rg e r  u s e le s s  stems was th e  prim ary aim of th e  tre a tm e n t. 
C onsiderab le  numbers (36 p er a c re )  o f unm erchantable stems rem ain in  th e  
subdominant and suppressed  c la s s e s .  T his i s  to  be expected as  s i l v i c u l t ­
u r a l  tre a tm e n t to  remove th i s  m a te r ia l  has only  been  c a r r ie d  out in  th a t  
p a r t  o f th e  f o r e s t  logged in  th e  l a s t  10 to  15 y ears  and any re g e n e ra tio n  
would n o t have reached  4 inches d .b .h .o .b .  a t  the  tim e o f assessm en t, and 
so was no t reco rd ed .
The basal area of 104*5 square feet per acre i s  not excessive 
for a stand of th is age and stocking composition and supported an increment 
of 1.47 square feet per acre per annum over the twelve year period.
The increm ent r a t e s  d e sc rib e d  in  th is  s e c t io n  do no t in c lu d e  
ingrow th  o r m o r ta l i ty ,  ve ry  few t r e e s  c ro sse d  th e  4 in ch  d iam eter b re a s t  
h e ig h t th re sh o ld  and few er s t i l l  d ie d . T rees removed d u rin g  lo g g in g  or 
tre a tm e n t o p e ra tio n s  were s im i la r ly  not in c lu d ed  in  growth c a lc u la t io n s .
The d iam eter increm ent d a ta  a re  p re sen te d  fo r  th e  v a rio u s
sp e c ie s  and s iz e  c la s s e s  in  Table 8 below : -
TABLE 8 . Average annual d iam eter increm ent in  in c h es .
S ize C lass d .b .h .o .b .
Species 4-8 8-12 12-16 16-20 20-24 24-28 28-32 32-36 36+
S p o tted  gum ,08100+ .1263 . 1334 . 1447 .14 2? . 1216 .1211 ,062 . 142
B lack b u tt .1523 .2211 . i s 6 .321 .221 .20 7 . 091
Iro n b a rk .0950 .1234 . i o 21 . n 1 6 . 107 2.02^
B lue gum .245 .1810 .162 .194 .282 *542
O ther Species . 0 / 0 . 1214 . 132 .07 2 .242
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The s u p e r s c r ip ts  in  Table 8 and Table 9 re c o rd  th e  number o f t r e e s  in  
each c la s s  and th e reb y  in d ic a te  th e  r e l i a b i l i t y  of th e  increm ent.
T h is  form o f in d ic a to r  fo r  th e  r e l i a b i l i t y  o f th e  mean i s  used to  overcome 
th e  absence o f s tan d a rd  e r ro r  in fo rm atio n .
From th e  more r e l i a b l e  s e c tio n s  o f th e  ta b le  an increm ent of 
0 .12  to  0 .14  in ches p e r annum fo r  s p o tte d  gum, .15 to  .22 inches per 
annum fo r  b la c k b u tt and .09  to  .12 in ches p e r annum fo r  iro n b a rk  a re  th e  
average growth r a t e s .  The 12 y ear p e r io d  from 1969 to  1971 s u ffe re d  
b o th  extrem es o f c lim a te ; extreme wet and flo o d s  d u ring  1961 to  1963, 
and drought from 1965 to  1968. The drought caused p e rio d s  o f n i l  and 
n e g a tiv e  increm ent, b u t i t  i s  n o t known i f  th e  p e rio d s  o f excess m oistu re  
in c re a se  th e  increm ent and thus b a lance  out th e  d rough t, o r f u r th e r  reduce 
th e  increm ent by a re d u c tio n  in  s tan d  h e a lth  caused by "wet fe e t"  
c o n d itio n s  and a s s o c ia te d  pa thogens. U n ti l  shown o therw ise  th e  balanced  
o u t view w il l  be adopted and th e  tw elve y ear p e rio d  accep ted  as "normal" 
w ith  perhaps a  s l i ^ i t l y  h ig h er range o f extrem es than  u s u a l.
For th e  p r in c ip a l  sp e c ie s , sp o tte d  gum, d iam eter increm ent 
r a t e s  were c a lc u la te d  fo r  m e rc h a n ta b ility  and dominance c la s s e s  -  Table 9»
TABLE 9
37.
Diameter increment for Benandarah C.F.l. "by size classes, 
dominance classes and merchantability classes.
Dorn.
Class
Merch.
Class. 4-8 8-12
Size Class (inches d.b.h.o.b.) 
12-16 16-20 20-24 24-28 28-32 32+
1 1 0.185 0.193 0.101
2 1 0.235 0.198 0.1532 0.1420 0.1215 0.1315 0.093
3 1 0.1231 0.1227 0.1217 n  00.12 0.06
4 1 0.0611 0.053
1 3
2 3 0.211 0122 0.042 0.172 0.032
3 3 0.0918 0.1015 0.086 0.081 0.011
4 3 0.0350 0.068 0.051 0.121
Crown
Class
Merch.
Class
0.158 0.199 0.1571 1 0.192 oj.94 0.234 0.185 20.13
2 1 0.1225 0.1225 0.1318 0.1534 0.1216 0.108 0.123 20.7
3 1 0.0815 0.086 0.083 20.01
1 3 0.331
2 3 0.1011 O.ll2 0.106 0.082 0.172 20.05
3 3 0.0356 120.07 0.063 0.052 0.011
When the individual plot data are graphed (figure 5) the 
trend of total basal area increment increasing with total basal area is found. 
Henry (i960) reprrting an experimental treatment series in spotted gum and 
ironbark also found variation in total basal area increment in relation to 
total basal area# The major contribution to basal area increment comes
from the co-dominant section of the stand# It does however fail to produce 
an equivalent amount of basal area increment proportional to the 58.2 percent
of s ta n d in g  b a sa l a re a  
e f f i c i e n t .
The sub-dom inant c la s s  appears more
7/hen d iv id ed  on a crown c la s s  b a s is  th e  expected r e s u l t s  
occur; bo th  th e  good and in te rm e d ia te  crowns produce a l i t t l e  more 
th an  th e i r  b a sa l a re a  p ro p o rtio n  of th e  t o t a l .  The poor c la s s  3 
crowns do n o t; 12 .9  p e rc e n t o f th e  increm ent i s  produced on 18.5 
p e rc en t o f th e  b a sa l a re a .
The y ie ld  and volume increm ent d a ta  i s  given in  Table 7* 
The t o t a l  average increm ent fo r  a l l  m e rc h a n ta b ility  c la s s e s ,  was 198 
super f e e t .  The in d iv id u a l C .P .I .  p lo t  volume increm ents range from 
53 super f e e t  to  399 super f e e t  p e r a c re  per annum. No r e la t io n s h ip  
i s  r e a d i ly  ap p aren t; when graphed a g a in s t  b a sa l a re a  the  d a ta  i s  b e s t  
d e sc rib e d  as  a broad s c a t t e r  p a t te r n  su g g es tin g  an in c re a se  in  t o t a l  
volume w ith  in c re a s in g  b a s a l  a re a  to about 120 square  f e e t .  This view 
i s  s tren g th en ed  by a  s im ila r  b u t more d e f in i te  p a t te r n  shown when b a sa l 
a re a  increm ent i s  compared w ith  b a sa l a re a , f ig u re  5»
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In the subdivision based on dominance in Table 7» the 
co-dominant class fail to sustain increment equivalent to its standing 
volume, whilst the subdominant group improves its relative position. The 
useful stand prodxices 84.8 percent of the total increment. Bole volumes 
are included in Table 7 to indicate the total volume and allow comparison 
with the assessed merchantable volume. 36.5 percent of the total bole 
volume is not merchantable in this heavily treated forest, that is 6,393 
super feet out of a total of 17,529 super feet per acre.
3.2.2. An example from Kioloa State Forest.
A nine acre block was subjectively located in an area chosen 
because of its undisturbed character. No routine forest operation had 
taken place in the past, the only evidence of logging was restricted to an 
odd blackbutt tree felled by sleeper cutters. Naturally, no silvicultural 
treatment had occurred. The area was not chosen to represent the Kioloa 
State Forest, which has a varied pattern of logging and silvicultural treat­
ment, but as an example of unlogged and untreated forest. It is at the 
opposite end of the management range to the treated and logged stands 
depicted in the example from Benandarah State Forest.
The block is located in the spotted gum type with minor 
occurrences of blackbutt and white stringybark. Xeric shrubs and grass 
form the understorey and fire vines are present along the ridge top strip 
as a result of hazard reduction burning. Table 10 presents the
Kioloa data
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The most im portan t fe a tu re s  shown by T able  10 a re  th e  h i^ i  
b a sa l a re a  o f th e  s tan d  and th e  h ig h  p ro p o rtio n  o f th i s  b a sa l a re a  a sse ssed  
as unm erchantable m a te r ia l .  A b a sa l a re a  of one hundred and ninetytw o 
square f e e t  i s  co n sid e rab ly  above th e  one hundred and f iv e  square f e e t  
suggested  te n ta t iv e ly  as id e a l fo r  th e  b la c k b u tt f o r e s t  by C u rtin  (1963). 
Almost h a lf  of th is  b a sa l a re a  i s  in  u s e le s s  t r e e s  which i l l u s t r a t e s  
g ra p h ic a lly  the  poor c o n d itio n  of th e  s ta n d . When co n sid ered  on a
bo le  volume b a s is  th e re  i s  29035 super f e e t  of unm erchantable m a te r ia l .
The u se fu l a sse ssed  volume i s  13,749 super f e e t  per a c re  making 67.8  p e rcen t 
of t o t a l  b o le  volume u n sa le a b le . Only 5*9 t r e e s  per a c re  were c la s s ­
i f i e d  as having  a v igorous crown, 38.4 had a  poor crown.
The volume i s  no t co n sid ered  abnorm ally  h igh  a s  in  o th e r p a r ts  
of K ioloa where p rev ious s e le c t io n  lo g g in g  has occu rred  y ie ld s  o f 8,000 to  
10,000 super f e e t  has been o b ta in ed . This a re a  was chosen to  dem onstrate 
a v irg in  or n ear v irg in  co n d itio n  and n o t re p re se n t K io loa S ta te  F o re s t .
In  a re as  west of th e  Clyde R iver y e t  to  be opened up and logged , th i s  
s i tu a t io n  i s  common and consequently  any management d e c is io n  must take  
account o f th e  range of s tan d  c o n d itio n  from th e  example g iven  fo r  
Benandarah S ta te  F o re s t to  the  K io loa example.
The dominant and co-dom inant t r e e s  from K ioloa a re  s ig n i f ic a n t ­
ly  la rg e r  than  th o se  from Benandarah -  Table 11 .
TABLE 11. -  Numbers o f t r e e s g re a te r  than  28 in ches d .b .h .o .b .
Diameter ( in ch es) c la s s 28-32 32-36 36-40 40+ T o ta l
Benandarah 3.2 0 .6 0 .3 0 .0 4 .1
K ioloa 4 .2 1 .6 1 .1 3 .5 10.4
Increm ent r a te s  a re  n o t recorded  fo r  th e  K ioloa b lock  in  Table
10. F ollow ing su b d iv is io n  in to  th re e  approx im ately  th re e  ac re  p lo ts
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d if f e r e n t  experim ental s i l v i c u l t u r a l  tre a tm en ts  were a p p lie d  to  the  
b lo ck . The d e ta i l s  o f trea tm en t and increm ent a re  to  be found in  
Chapter 5«
To emphasise th e  growing s to ck  q u a l i ty  problem in  manage­
ment and trea tm en t a  f u r th e r  s e r ie s  o f f o u r >two and one h a l f  a c re  p lo ts  
were e s ta b lis h e d  on K ioloa f o r e s t .  The a re a  was b e in g  logged a t  the
tim e and th e  s a le a b le  p ro d u c ts  o b ta in ed  and m a te r ia l  l e f t  a re  reco rded  in  
Table 10. Two p lo ts  were lo c a te d  on b o th  th e  n o r th e r ly  and so u th e r ly  
a sp e c ts ; tre a tm e n t fo llow ed  lo g g in g .
TABLE 12 -  Examples of r e s id u a l  growing s to ck  -  K io loa S .F .
(V alues on a  p e r a c re b a s is )
Type o f 
M a te ria l or 
P roduct
P lo t  No.
(n o r th e rn  a sp e c t) (so u th e rn  a sp e c t)
Removed No. o f t r e e s 8 .4 12.8 8 .4 12.8
as
Logs B asal a re a 36.5 52.3 35 .6 52.0
Volume 5870 7920 5646 9106
R etained No. o f t r e e s 14 .4 10.4 16 .8 9.2
U seful B asal Area 8 .4 6 .3 10.2 5 .4
Volume ;approx 1000 approx 1000 1046 818
Removed No. o f t r e e s 6 0 .1 28 .4 44.0 30.4
in  s i l v i ­
c u l tu r a l B asal a re a 63.1 6 2 .3 8 6 .7 60 .8
tre a tm en t Volume 10741 8374 12937 11498
T o ta l fo r No. of t r e e s 82 .9 51 .6 6 9 .2 52.4
p lo t . B asal a re a 108.0 121.9 132.5 118.2
Volume 17611 17294 19631 21422
The lo g g in g  approached a  c l e a r f e l l i n g  as th e  only  t r e e s  
re ta in e d  were u se fu l stems le s s  than  15 inches in  d iam eter, and only  sm all 
numbers o f th e se  t r e e s  were p re s e n t .  No s a le a b le  m a te r ia l was removed
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in the silvicultural treatment. The poor quality of the major part 
of the stand is reflected in the high proportion of growing stock removed 
in this follow-up treatment. The stands had received varying degrees 
of selection felling in the past, but no silvicultural treatment.
To support the opinion that the reduction in useless large 
trees on Benandarah State Forest was due to past treatment, the ringbarked 
trees and stumps as well as the living trees were recorded on an area 
subjectively selected to represent the average Benandarah forest. The 
measured area was 2.0 acres located in the central southern portion of 
Benandarah State Forest.
The basal area and numerical stocking is compared to the 
average data for standing trees on the Benandarah State Forest C.F.l 
and with the undisturbed forest condition represented by the Kioloa 
block - Table 13.
The ringbarked trees on the measured area appeared to be 
the result of two separate operations, some culls looking distinctly 
older than the rest could be the 1921 treatment, whilst the second, 1936, 
treatment included the smaller useless trees. Close similarity in 
both numbers and basal area is observed between the reconstructed
Benandarah area and the undisturbed Kioloa area
45
TABLE 13 -  O bservation o f treatm ent on Benandarah S ta te  F o rest -
Comparison w ith  undisturbed fo r e s t  on K ioloa  S ta te  F o r e s t .
( i )  Number o f Trees per A cre.
Treatment Study P lo t
Benandarah C .F .I .P lo ts
K ioloa  undisturbed  
fo r e s t  b lock
( i i )  B asal area o f Trees
Treatment Study P lo t
Benandarah C .F .I . P lo ts
K ioloa  undisturbed  
fo r e s t  b lock
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3 .2 .3  An example o f growth on f o r e s t  h e a v ily  logged bu t not 
s i l v i c u l t u r a l l y  trea ted-C urrow an  S ta te  F o re s t .
In  1968 a  1 .5  a c re  p lo t  was e s ta b lis h e d  on h e a v ily  logged 
sp o tte d  gum type f o r e s t  to  o b ta in  d a ta  on increm ent r a te s  fo r  the  
r e s id u a l  s ta n d . The heavy lo g g in g  was o rg an ised  to  o b ta in  v igorous 
re g e n e ra tio n  and so was n o t in ten d ed  to  r e t a in  b e t t e r  growing s to c k . A ll 
s a le a b le  m a te r ia l  was removed le a v in g  52.5 square f e e t  b a sa l a re a  and 35 
stems p e r a c re . The rem ain ing  t r e e s ,  a lthough  c la s s i f i e d  as m erchant­
a b le , were o f  p a r t i c u la r ly  low q u a l i ty .  The r e s id u a l  s to ck in g  and 
growth d a ta  i s  l i s t e d  in  T able 14.
TABLE 14 -  S tock ing  and Growth D ata -  h e a v ily  logged b u t no t s i l v i c u l t u r ­
a l l y  t r e a te d  f o r e s t  -  Currowan S ta te  F o re s t .
Crown
c la s s
Stand
F unction
Growing Stock 
in  1968
M erc h a n ta b ility  C lass
P e rio d ic  
Annual Increm ent 
M erch a n ta b ility  C lass
1 & 2 3 1 & 2 3
1 Number ( t . p . a . ) N il .7
B asal a re a  ( s q . f t ) - .1 0 .04
Diam eter (in c h e s) 0 .82
Volume ( s u . f t . ) - 2 .5 1-4
2 Number ( t . p . a . ) 3 .3 4 .7 - -
B asal a re a  ( s q . f t ) 4 .1 16.9 0.22 0.36
Diam eter ( in ch es) 0 .37 0.26
Volume ( s u . f t . ) 456 2698 23 49
3 Number ( t . p . a . ) 8.0 18.0 - -
B asa l a re a  ( s q . f t . ) 8.2 23.2 0.44 0 .74
Diam eter (in c h e s) 0 .33 0 .23
Volume ( s u . f t . ) 601 2133 32 62
A ll Number ( t . p . a . ) 11.3 23.4 — _
C lasses
B asal a re a  ( s q . f t ) 12.3 40.2 0.66 1.14
D iam eter (in ch es) 0 .34 0 .24
Volume ( s u . f t . ) 1057 4831 55 112
B ole volume ( s u . f t ) 3320 10055 - -
The growth r a te s  on the  p lo t  a re  h igh  in  comparison to  o th e r
i r r e g u la r  f o r e s t  p a r t i c u la r ly  in  view o f th e  la rg e  prtportion  of crown c la s s  
th re e  t r e e s .
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B asal a re a  increm ent of 1.80 square  f e e t  in d ic a te s  a c tiv e  
grovrth and consequen tly  a c tiv e  co m p etitio n  betw een the  c la s s  3 t r e e s  and 
th e  re g e n e ra tio n  which had reached  15 f e e t  in  h e ig h t by 1971» The t o t a l  
volume increm ent i s  167 super f e e t  p e r a c re  p e r annum, but only  55 super 
f e e t  was s a le a b le  m a te r ia l .  The removal of th e  c la s s  3 m a te r ia l i s  
im p era tiv e  i f  f u l l  va lue  of th e  re g e n e ra tio n  o f an a re a  fo llo w in g  lo g g in g  
i s  to  be ach ieved .
The d a ta  however a re  fo r  one p lo t  in  one lo c a t io n .  F u rth e r 
s tudy  should  be given to  growth in  th e  u n tre a te d  re s id u a l  s tan d  as co n sid e r­
ab le  a re as  a re  now logged and l e f t  u n tre a te d  due to  in s u f f ic ie n t  funds fo r  
f i r e  p ro te c t io n  and tre a tm e n t.
3 .2 .4«  Growth r a te s  and th e  e f f e c t  o f f i r e  on i r r e g u la r  sp o tte d  gum 
f o r e s t  -  Wandera S ta te  F o re s t .
F ir e s  of v a ry in g  in te n s i ty  have occurred  a t  i r r e g u la r  in te r v a ls  
throughout th e  sp o tte d  gum f o r e s t .  For a reas  o th e r than  re g e n e ra tio n  a re as  
a  p o lic y  of in te n s iv e  hazard  re d u c tio n  b u rn in g  e x i s t s .
The o p p o rtu n ity  was taken  fo llow hg th e  w idespread f i r e s  in  
1968 to  s tu d y  th e  recovery  and growth r a te s  fo r  s p o tte d  gum f o r e s t .  The 
t r e e s  were in d iv id u a lly  s e le c te d  in  1 a te  1968 from a re a s  on Wanderra S .F . 
which were b u rn t by f i r e s  ran g in g  from a ty p ic a l  hazard  re d u c tio n  burn  to  
a  severe  crown f i r e .  The t r e e s  were measured im m ediately fo llo w in g  th e
f i r e  b e fo re  bark  shed had s ta r te d  and ag a in  two months l a t e r ,  a f t e r  bark  
shed, to  in d ic a te  th e  lo s s  in  b a rk . At t h i s  tim e bark  th ic k n e ss  was 
measured to  a llow  underbark  or t ru e  wood increm ent to  be a sse sse d . Bark 
th ick n ess  and d iam eter were reco rded  in  1971 to g e th e r  w ith  an assessm ent of 
crown c o n d itio n .
To c a te g o r is e  th e  re co v e ry , f iv e  c la s s e s  o f damage were 
e s ta b lis h e d  a t  the  f i r s t  m easure, im m ediately a f t e r  th e  f i r e .
4 8 .
The c la s s e s  of damage were : -
( i )  Extrem e, Grown removed by f i r e  -  le av es  and sm all tw igs
consumed by crown f i r e .
( i i )  Very Heavy. Very hot ground f i r e  occurred  s u f f ic ie n t  to  s e t
the  leav es  in  th e  h o r iz o n ta l  a t t i t u d e  a t  th e  tim e 
caused by th e  h igh  wind.
( i i i )  Heavy, T o ta l crown sco rch  w ith  th e  le av es  norm ally  o r ie n te d .
( iv )  M oderate. Major p a r t  of th e  crown scorched  a lthough  some
crown " u n its "  rem ained g reen .
(v) L ig h t, Crown u n a ffe c te d , f o r e s t  f lo o r  b u rn t as occurs
under hazard  re d u c tio n  bu rn in g .
The e f f e c t s  of th e  f i r e s  were a sse sse d  in  1971 u s in g  f iv e  c la s s e s  :
1 . Lead Crown and b o le  dead.
2 . Severe damage s t i l l  e v id e n t , epicorm ic growth on b o le ,
branches dead.
3. Heavy damage, sm alle r branches dead, epicorm ic crown on
la rg e r  b ran ch es .
4 . L igh t damage, ev idence  of dead tw igs rem ain .
5 . N il No evidence o f damage can be seen .
The c u rre n t c o n d itio n  acco rd in g  to  th e  above c la s s i f i c a t i o n  i s  reco rd ed  on
Table 15 below.
TABLE 15 -  Crown c o n d itio n  i n f l a t i o n  to  damage by f i r e  -  Wanderra S .F .
F ire  I n te n s i ty  C lass  (1968)
Extreme
( i )
Very Heavy
( i i )
Heavy
( i i i )
M oderate
( iv )
L igh t
(v)
No. of t r e e s  1968 22 26 20 12 9
C urren t crown cond­
i t i o n  based on ev id ­
ence of dam age(l97l)
(Number o f t r e e s )
1 . Lead 2
2 . Severe damage 1
3. Heavy damage 18 20 9 5 1
4 . L ig h t 1 4 8 3 3
? .  N il 2 3 4 5
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Two trees died and one failed to r eproduce a crown, all came from the 
crown fire area. All trees other than these three showed signs of 
recovery. The most common recovery pattern following complete crown 
scorch was epicormic shoots arising on the branches 2 inches in diameter 
or larger. The smaller dead branches remain. Classification becomes 
difficult in the lesser damaged crowns due to the interaction between 
natural crown degrade and degrade caused by fire.
Growth rates were calculated to include apparent growth in 
overbark dimension and the increment of underbark diameter by damage 
classes (Table 16).
TABLE 16. Increment functions following fire - Wanderra S.F.
Damage
Class
(1968)
Over bark increment True under bark
from 1968 measurement diameter increment
immediately following per annum (inches)
burning to 1971 
measurement.
(whole period 2yr.6mth.)
Percentage of 
crown made up 
from epicormic 
origin
1 - 0.25
2 - 0.33
3 - 0.24
4 -  0.11
5 - 0.31
0.28 85
0.17 60
0.25 33
0.18 27
0.22 11
For all damage classes the average overbark diameter 2-J- years after the 
fire is less than the diameter at the time of burning. However, during 
this period true wood diameter increment has continued and may even have 
been stimulated as increment rates are hi^ier than corresponding increments 
in unburnt plots of the Benandarah S.F. Inventory. The crowns are 
comprised increasingly of epicormic growth as the intensity of damage from 
the fire increases.
The data are presented for two purposes, firstly to show how 
fires of moderate intensity can cause serious interruption to overbark 
volume estimates and secondly illustrate the true situation of continued
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increment in underbark, true wood volume following the fire.
Considering the integral part of the environment played by fire, 
either wild or controlled, the growth data shown by the Wanderra plots 
is encouraging. Defects being caused by burning are not well 
substantiated in the spotted gum forest.
Jacobs (1955) describes the effects of fire and the formation of 
gum rings causing degrade in timber quality. The pattern of gum vein 
production is not certain for following the 1968 fire a sample area was 
inspected in a heavily burnt stand defoliated by fire. No gum ring 
was found. The possibility of insufficient moisture being present in 
the tree for kino production was considered in the li^it of the harsh 
drou^it.
Other instances where burning has not caused gum veins are given 
by Henry (1965) f°r blackbutt and Podger and Peet (1965) f°r Jarrah 
(E. marginata Sm).
With the degrade situation not clear the process of hazard 
reduction burning should not affect total wood production despite apparent 
fluctuations in overbark volume. The long term effects Prom epicormic 
crown is not known but as routine hazard reduction does not envisage 
scorch of the major crown, this aspect will not affect protection burning.
The value of hazard reduction burning is discussed by McArthur 
(1967) who describes considerable forest losses due to wild fire and 
contends these could have been reduced by adequate protection planning.
Bad fire seasons have occurred and will continue to occur at regular cyclic 
intervals. He considers protection will be achieved only by a dynamic 
policy of prescribed burning and consequently productivity will not be 
wasted nor will the stand condition deteriorate. In the same paper he 
outlines the various losses attributed to fire. These are losses caused
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by insects after fire damage, particularly termites, physical damage to 
the butt log and loss of increment and productivity due to death of 
stand members.
Using data from Jarrah (E. marginata Sm) produced by Podger 
and Peet (1965) McArthur suggests that rather than lose increment through 
control burning there may be an optimum fire intensity which will provide 
growth stimulus and increased productivity. With lesser intensity 
fires no influence on growth or log degrade are recorded.
3*3. Discussion on growth and stocking in the irregular spotted gum 
forest.
In the Benandarah State Forest after past treatment the 
merchantable dominants have diameter increment up to, but rarely exceeding, 
0.2 inches per annum. The sub-dominant and suppressed fall to 0.12 
and 0.06 inches per annum respectively. These are not good increments
or encouraging results.
The increment rates in Table 9 are similar to the 0.11 
inches average diameter increment found by Curtin (1969) for spotted gum 
on Yarratt State Forest near Taree. In the same paper he also records 
marked differences in growth rates between useful and useless trees in the 
same size class. The difference was apparent in all dominance classes. 
Similar differences are shown in Table 9 for the Benandarah data. Although 
insufficient merchantability class 3 trees occur in dominance classes 1 
and 2 to make positive comparisons, in the subdominant and suppressed 
classes the differences are of the same order to those found by Curtin, 
namely 0.03 to 0.04 inches per annum. This difference in diameter 
increment by dominance class and crown class has been shown to occur in 
many east coast Eucalypt forests (Hoschke 1967) with data from Kendall M.A.,
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Curtin (1969) 'using the Yarratt C.F.I.; and Phillis (1971) on Pine 
Creek S.F.) In each instance the increment rate tends to remain 
constant with increasing diameter through each dominance class or crown 
class but drops evenly between classes. The similar increment patterns 
for crown classes and dominance classes substantiates the observed 
characteristic of the dominant and co-dominant trees being those with 
the most vigorous crowns. Rarely in spotted gum forest do dominant 
trees have poor crowns or sub-dominant trees have class one crowns.
Florence (1969) discussing an examination made of a blackbutt 
forest on Pine Creek State Forest using similar crown classification to 
the one used in this thesis, accepts low crown vigour as the cause for 
decreased growth rates. However, at the same time, he suggests the 
basal area of 106 square feet per acre may be greater than the level able 
to sustain rapid diameter increment. If the basal area for Pine
Creek forest is compared with the recommended values of Curtin (1963) and 
Jacobs (1955) for blackbutt forest, there is however, little evidence 
to support that 106 square feet was too high and should have caused the 
low diameter increment rates reported by Florence.
Thinned, even-aged 
spotted gum forest.
Age 76 years.
This stand originated 
from complete clearing 
at the time of selection 
for grazing.
Termeil S.F.
Irregular spotted gum forest following 
ringbarking treatment and selective 
logging. Benandarah S.F.
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CHAPTER 4.
EVEN AGED SPOTTED GUM FOREST
4 .0  G en era l«
U nlike the  b la c k b u tt, b lue  gum or ash  f o r e s t s  th e  au th o r has not 
found s p o tte d  gum in  n a tu ra l  even aged s ta n d s . However, when sp o tte d  gum 
does, th rough  some management techn ique, form an even aged s tan d  s im i la r i ty  
e x is t s  in  th e  management advantages to  be gained . Holmes ( 1968) g ives 
examples o f y ie ld  and growth fo r  b la ck b u tt in  p la n ta t io n  form , he desc rib ed  i t  
as  ’'s p e c ta c u la r " .  C u rtin  (1970) quotes volume increm en ts  fo r  even age
p la n ta t io n  b la c k b u tt ,  managed fo r  pulp and sawlog tim b e r , as ra n g in g  from 125 
to  159 cub ic  f e e t  p e r a c re  per annum. These f ig u r e s  when compared w ith  
C urtin* s ( 1963) e s tim a te  fo r  id e a l i r r e g u la r  b la c k b u tt o f 80 cub ic  f e e t  per 
a c re  p e r annum encourage an in v e s t ig a tio n  of th e  even aged  s p o tte d  gum.
The problem of th in n in g  sm all s iz e s  in  even aged E ucalyp t f o r e s t  
does n o t e x is t  on th e  South Coast due to  the  a c t iv e  and expanding m ining tim ber 
m arket. V ir tu a l ly  any t r e e  between 6 inches and 11 in ch es  d iam eter re q u ir in g  
rem oval can be s o ld .
Very few examples of even aged sp o tte d  gum f o r e s t  e x i s t .  Three 
have e s ta b lis h e d  growth p lo ts  and th e se  w il l  be d e sc r ib e d . An a ttem p t to  make 
a crude y ie ld  ta b le  w il l  fo llo w .
4 .1 .1 .  Growth and s to ck in g  d a ta  from Benandarah sp o tte d  gum p la n ta t io n .
On Benandarah S ta te  F o re s t an a re a  was logged in  1941 and a l l  
th e  r e s id u a l  o v e rs to re y  f e l l e d  and burned. P a r t  o f th e  a re a  was p la n te d  in
1942 w ith  tubed  sp o tte d  gum seed lin g s  and one s e c t io n  was l e f t  u n p lan ted .
N a tu ra l re g e n e ra tio n  has s in ce  become e s ta b lis h e d  on t h i s  unp lan ted  s e c t io n .
At th e  same tim e an a d jac e n t a re a  o f i r r e g u la r  f o r e s t  was re se rv e d  as an
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example of the type of forest felled for the plantation.
In the planted area three plots were established in 1950 
to observe the effects of thinning. An unthinned control plot had
450 trees per acre. A second plot was thinned to 305 trees per acre 
by removing all defective trees, trees interfering with others and the 
suppressed trees. No tree was removed "for the sole purpose of 
increasing espacement." The third plot was thinned to 170 trees
per acre to conform with a recommendation for spotted gum made in South 
Africa which would supposedly alloy/ free growth of the trees for the 
next five years.
At age 23, that is in 1 9 6 5, the area was thinned for mining 
timber. Table 15 summarizes the stocking and other stand character­
istics. No measurements were made of the material removed in the 
non-commercial thinning made at age 8 years. For comparison one plot
was established in the area felled but left unplanted on which natural 
regeneration established.
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Useless material forms only a small part of the volume in the three 
planted areas; 5.9 percent, 2.4 percent, nil percent in the unthinned 
to heavy thinning respectively. In the natural regeneration area 
the unmerchantable material is 19.2 percent of the total.
The unplanted area restocked adequately. Records indicate 
the planted area was brushed in the early years to remove wattle and 
suckers which were probably the source of the natural regeneration.
Wallaby damage was severe in the plantation.
The individual tree crowns were classified in 1971 and the 
subdivision is presented in table 18 below -
TABLE 18. Stocking numbers and volume subdivided by crown class for 
Benandarah plantation.
Unthinned Lightly thinned Heavily thinned
Crown class No. of 
trees
Vol. 
per ac.
No. of 
trees
Vol. 
per ac.
No. of 
trees
Vol. 
per ac.
1 50 7801 40 4749 60 7588
2 100 4232 90 6610 20 1362
3 75 598 30 323 5 66
Total 225 12631 160 11682 85 9016
The majority of the volume on all plots occurs on trees of 
crown classes 1 and 2, reflecting the lack of suppression in the stand.
Once again no statistical proof is available that these plots 
are sufficiently similar to allow the differences to be attributed to 
the different treatments as they were not replicated or allotted random 
treatment, but as they are adjacent to each other in an area selected 
for the plantation,comparisons can be made '’with reservations". It is 
considered more useful to view the work in this light than to cast 
comparison aside for lack of statistical proof.
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The area left unthinned in 1950 has produced the largest 
M.A.I. of the three treatments and the unplanted area. Total production, 
which is the commercial thinning yield plus the current volume, is 770 
super feet per acre per annum for the 29 year period. The light thinning 
at age 8 yielded less at the 1965 thinning and also overall; the M.A.I. 
is 703 super feet per acre per annum. However, during the last six 
years the P.A.I. for the two plots has been the same. For the heavily 
thinned plot production is poorer. The crowns in this plot are 
bigger, lower, giving a shorter merchantable length, and more positively 
"broken” than the two adjacent plots presumably planted with similar 
stock. Volume M.A.I. at 460 super feet has allowed rapid diameter
growth on the retained trees.
The basal area increment is lower for the heavily thinned 
plot, also the commercial thinning removed less basal area.
The trees destined for the major crop in later years are
growing quickly. Increment rates exceeding 0.35 inches per annum are 
practicable for the first 30 years (Table 19)
TABLE 19 Growth r a te s  fo r  dominant and co-dominant t r e e s ,  
Benandarah S .F .
Dominant and Co-dominant tr e e s in  1971.
Area (per acre)  
Number in  
1971
Average
Diameter
1971
Diameter Increment* 
1942-71 1965-68 68-71
Unthinned a t age 8 
Commercial th in n in g
a t  age 23 ( 1965)
110 10.61 .37 .20 .21
Thinned a t  age 8 to  
remove d e fe c t iv e  
and suppressed tr e e s 125 10 .53 .36 .16 .22
Thinned com m ercially  
a t  age 23.
Thinned a t age 8 to  
remove d e fe c t iv e  and 
suppressed tr e e s  a lso  
space the dominant and 
co-dominant stand .
to
85 11 .97 .41 .19 .24
Thinned com m ercially  
a t  age 23 .
* N ote -  1965 to  1971 included  a p eriod  o f  extreme drought.
No co n tr ib u tio n  to  th e  1965 y ie ld  was made by dominance 
c la s s  4 t r e e s ,  the sm aller stands in f lu e n c e  on t o t a l  p r o d u c tiv ity  i s  
very sm a ll.
The y ie ld  from the other dominance c la s s e s  i s  p laced  in
Table 20
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'P--Bj-iE 2.0. P roduction  and y ie ld  from Benandarah P la n ta t io n  by
dominance groups.
Area Unthinned L i ^ i t l y  th in n ed H eavily  th in n ed
1 . VOLUME -  Y ield in  commercial th in n in g  a t  age 23
Bom .class
1 2221 662 1547
2 7371 6522 2445
3 114 232 333
A ll c la s s e s 9706 8759 4325
2 . BASAL AREA -  Y ield  in  Commercial th in n in g  a t  age 23
1 12.9 4 .4 11.3
2 48 .1 42.8 20.0
3 1 .8 12.2 2.6
A ll c la s s e s 62.8 59.4 33.9
3 . VOLUME -  T o ta l volume p ro d u c tio n  up to  age 29 y ears
1 4619 662 1547
2 15795 14739 10752
3 1043 4919 1042
4 880 122
A ll c la s s e s 22337 20422 13341
M .A .I. 770 704 461
Both y ie ld  and t o t a l  volume dem onstrate  th e  im portance o f the
dominance c la s s  1 and 2 t r e e s  in  volume p ro d u c tio n  fo r  a  young s ta n d .
4 .1 .2 .  The even age sp o tte d  gum f o r e s t  a t  Corunna S .F .
Corunna S ta te  F o re s t i s  lo c a te d  betw een Narooma and Bermagui 
and i s  th e re fo re  w ell o u ts id e  th e  s tudy  a re a . However, on th is  sm all 
f o r e s t  second growth sp o tte d  gum occurs in  e v e n te d  s ta n d s . A s e t  of 
th in n in g  p lo ts  e s ta b lis h e d  in  regrow th  makes th e  a re a  in te r e s t in g  and
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v a lu ab le  in  a  s tudy  of even aged s p o tte d  gum f o r e s t .
The Corunna regrow th a ro se  from re g e n e ra tio n  trea tm en t in
1916 and 1917* W idespread removal o f th e  o v e rs to re y  c re a te d  the
o p p o rtu n ity  fo r  re g e n e ra tio n  to  occur evenly  over th e  f o r e s t  a lthough  
th e  a rea  was no t com pletely  c le a r f e l l e d  and some t r e e s  rem ained a f t e r  
th e  tre a tm e n t. There i s  no re c o rd  o f subsequent improvement tre a tm e n t. 
The even-aged f o r e s t  a t t r a c te d  a t t e n t io n  in  1951 and a groYrth p lo t  was 
e s ta b lis h e d . L a te r  in  1952, on s im ila r  co u n try  two th in n in g  p lo ts  were
e s ta b lis h e d . On one th in n in g  p lo t  a l l  th e  d e fe c tiv e  and suppressed  t r e e s
com peting w ith  b e t t e r  q u a li ty  t r e e s  were removed and on th e  second p lo t  a 
h eav ie r th in n in g  schedule  removed some co-dom inant t r e e s  as w ell fo r  
in c re a se d  sp ac in g .
Comparisons between th e  th in n ed  and un th inned  a re as  a re  no t 
made fo r  w h ils t  th e  two a d jac e n t th in n ed  p lo ts  a re  as f a r  as can be judged 
s im ila r  in  a l l  r e s p e c ts  the  unthinnedplot i s  n o t .  The th in n ed  a re a s  a re  
on a so u th  to  sou th  e a s te r ly  a sp e c t and a l l  t r e e s  were re le a s e d  by the
1917 tre a tm e n t. On th e  o th e r hand th e  un th inned  a re a  i s  on a west to  
sou th  w e s te r ly  a sp e c t and had a t  l e a s t  fo u r t r e e s  of co n sid e rab le  s iz e  a t  
th e  tim e o f tre a tm e n t. The th in n ed  p lo t  appears even aged w h ils t  some 
i r r e g u la r  fe a tu re s  a re  seen in  th e  un th inned  p lo t .  However, as th e  
trea tm en t fo r  th e  a re a  was g en era l and a l l  p lo ts  a re  w ith in  a space of 
te n  a c re s  the  d a ta  were p re sen ted  to g e th e r .
Each p lo t  i s  one a c re  in  s iz e ,  b e in g  re c ta n g u la r ,  f iv e  
chains lo n g  by two chains w ide. The s to ck in g  and growth d a ta  fo r  th e  
p lo ts  a re  in  Table 21. The ta b le  i s  n o t subd iv ided  on the  b a s is  of
m e rc h a n ta b ility  due to  th e  sm all amount of u s e le s s  m a te r ia l  p re s e n t .
TABLE 21.
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A summary of growing stock  and growth data for the even-aged 
regrowth p lo ts  on Corunna S ta te  F o rest.
Age Area and
resp ec tiv e
treatment
No. Basal 
of Area
trees  ( s q .f t )
Volume 
P .A. I . ( super 
fe e t )
P .A .I .
Diam. 
equiv. 
to mean
B.A.
( inches')
Diameter
P .A .I .
0-35 Unthinned 115 81.6 2 .3 10772 308 11.4 0.33
L igh tly  thinned 129 90.9 2 .6 13801 394 11.4 0.33
H eavily thinned 118 89.6 2 .6 14662 413 11.8 0.34
35-47 Unthinned 114 105.0 2 .0 13991 268 13.0 0.13
L igh tly  thinned 99 100.3 2 .3 16136 389 13.6 0.17
H eavily thinned 71 84.2 2 .2 15160 409 14.7 0.21
47-52* Unthinned 112 107.4 0 .5 14212 44 13.3 0.04
L igh tly  thinned 99 104.1 0 .7 16750 123 13.9 0.06
H eavily thinned 71 88.3 0 .8 15926 153 15.1 0.08
52-54 Unthinned 112 112.1 2 .4 14978 383 13.5 0.10
L igh tly  thinned 99 109.4 2 .7 17628 439 14.2 0.15
H eavily thinned 71 93.2 2 .4 16799 437 15.5 0.20
*The period 1964 to 1969 included <a, time o f extreme drought.
The Corunna area i s  a good example of even-aged stands on r e la t iv e ­
ly  low to  moderate s i t e  q u a lity . Diameter growth for the f i r s t  35 years 
averaged 0 .33 inches per annum for the whole fo r e s t .  In thinned p lo ts  the 
annual diameter increment of dominance c la s s e s  1 and 2 for the age zero to  
35 years period i s  .39 inches for th e l ig h t ly  thinned and .36 inches for  the 
h eav ily  thinned p lo t .  This f e l l  s ig n if ic a n t ly  in  the next twelve year 
period. Drought caused a marked decrease in  average diameter increments 
to  0.04» 0.06 and 0 .08 inches d .h .h .o .b . per annum fo r  the unthinned, l ig h t ly  
thinned and h ea v ily  thinned p lo t s .  Dominant tr e e s  continued to  achieve
b etter  increments even under the drought s t r e s s .
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No significant reduction in stocking has occurred due to 
natural deaths in the suppressed section of the stand. In both thinned 
plots the dominant and co-dominant portion of the stand make up the major 
part of the total volume and basal area. In the unthinned stand trees 
in dominance classes 3 and 4 make up 42.2 percent of the total volume.
The representation by dominance classes for stocking, basal area and volume 
is in Table 22.
TABLE 22. Sub-division of the even-aged stands by dominance classes 
at age 54 years - Corunna S.F.
P l o t
Dominance Unthinned Li^itly thinned Heavily thinned
Class
Stocking 1 4 7 6
(t.p.a.) 2 31 36 47
3 53 44 17
4 24 12 1
All 112 99 71
Basal Area 1 12.7 14.3 12.8
(sq. ft.) 
per acre 2 44.0 54.3 64.73 46.4 36.7 15.3
4 9.0 4.1 0.4
All 112.1 109.4 93.2
Volume 1 2339 3103 2502
(super feet 
per acre) 2 6324 9l6o 119953 5505 4938 2248
4 810 427 54
All 14978 17628 16799
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When the quality of the crowns was classified in 1971» the 
following data resulted (t.p.a.) :
Grown class
1
2
3
Total
Unthinned Li^itly thinned Heavily thinned
19 25 22
55 40 41
38 34 8
112 99 71
The low number of poor crowns in the plot thinned for good 
spacing reflects the removal of poor material in the thinning, and the 
release from competition given when the basal area was reduced to 57*2 
square feet.
4.1.3. The even-aged stand at Termeil State Forest.
An excellent stand of even-aged spotted gum forest occurs on 
the No. 2 Extension of Termeil State Forest. A Forestry Commission of 
N.S.W. report dated 18th July 1939 describes the history and origin of the 
stand as follows "felled in 1895* leaving only a small part not touched.
From 1895 the land felled was kept clear, some under cultivation, and the 
balance under pasture, some regrowth being allowed to survive and remain. 
This continued to 1910, following which year the block was allowed to 
remain uncared for." The reporting officer considered the stand originat­
ed in 1910. However, there is some doubt and the earlier date of 1895 
is used to calculate the age of the stand. An uncleared area adjacent 
to this old selection carries the usual degraded cut-over forest.
In comparison to the irregular forest the even-aged stand looks most 
impressive, but when compared on the basis of tree height, aspect and soil, 
it would be average site quality.
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Fortunately the character of the forest and the opportunity 
for an excellent growth study was recognised. A thinned plot and an 
unthinned plot, each of 0.875 acres, were established in 1945» The 
plots were exceptionally well documented, even to the extent of class­
ification on a dominance scale for the trees removed at 1945« 
Re-measurement has occurred regularly since then and individual tree 
data recorded on each occasion. A summary is presented for the 
number of trees, basal area and volume each time the plot was rethinned 
and for 1969 and 1971 (Table 23.) Mortality and removals are also 
recorded.
Mortality in the unthinned plot appears to be limiting 
stocking density to about 140 square feet per acre. This natural 
thinning process has improved the stand as there are only 13 poor quality 
trees per acre present.
The thinned plot had a similar basal area and volume to 
the unthinned plot before thinning. In the thinning 161 trees yielded 
7792 super feet of saleable timber and 129 trees were felled to waste. 
Even after this treatment at age 50 the plot contained 32 unmerchantable 
trees at the time of second thinning in 19b3 at age 68. These were 
removed by silvicultural treatment.
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Growth was greatly reduced during the severe drought from 
1965 to 1968 but has increased in the two year period from 1969 to 1971*
Due to mortality under drought stress the unthinned plot recorded negative 
increment for both basal area and volume.
The summarized growth and yield data are presented in Table 
24. Basal area increment for the thinned plot of 2.7 square feet per 
acre per annum from the 76 year period is satisfactory. Volume M.A.I. 
for the thinned area, all merchantability classes, is 480 super feet per 
acre per annum, except for the drought years when it fell to 251 super 
feet per acre per annum. The M.A.I. for useful production is 418 super 
feet per acre. The unthinned plot has a lower M.A.I., the volume
produced was 362 super feet per acre per annum and the basal area 1.9 square 
feet per acre per annum but mortality is not included in these figures.
When subdivided by dominance classes the volume and basal 
area growth has occurred primarily in the dominant and co-dominant trees.
The sub-dominant trees have grown more slowly and the suppressed members 
have declined. This occurred naturally in the unthinned plot and was 
affected by thinning and silvicultural treatment in the thinned plot.
All trees standing at 1971 were classified according to 
the crown class definition presented previously (Table 25)•
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TABLE 25» Size and Volume Comparison for all trees in the thinned
and unthinned areas, Termeil S.F. (Analysis by size classes)
Crown Class. 1 2 3 All classes
Plot
Number of trees Thinned 26.2 30.8 1.1 58.1
(t.p.a.j Unthinned 28.5 49.2 82.3 160.0
Basal Area Thinned 46.7 35.8 1.5 8 4.O
(sq.ft.per acre) Unthinned 51.1 43.4 40.5 145.0
Mean B.A. per tree Thinned 1.78 1.16 1.50
Unthinned 1.79 1.09 0.49
Diameter equivalent Thinned 18.1 14.6 16.6
to mean B.A. (ins) Unthinned 18.1 14.2 9.5
Volume super ft.H. Thinned 10291 7244 263 17798
Unthinned 11309 10315 5900 25524
Mean volume per Thinned 392 235 263
tree Unthinned 396 209 72
Not only are similar numbers of trees present but also
the average diameter ,for class 1 trees, calculated from the mean basal
area, is the same for both plots, 1 • G • y 18.1 inches . This of course
indicates similar growth rates.
TABLE 26.
Crown
Class
1
2
3
Volume Increments are given in the table 26 below -
Volume increment rates by crown classes - Termeil S.F. 
Increment rates*
1895 to 1963 period 1963 to 1969 1969 to 1971
__________________________period (drought)______period.
Thinned Unthinned Thinned Unthinned Thinned Unthinned
134 156 149
92 146 111
3 91 4
229 393 264
57
7
64
208 183
119 171
6 70
424All classes Nil 333
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* The values in Table 26 are for trees alive in 1971* Trees
removed at the 1945 and 1963 thinnings and those to succumb are not 
included. Good crowns have managed to retain their place in the 
unthinned stand despite the intense competition. This could be 
taken to indicate priority development for class 1 crowns irrespective 
of the fate of the subdominant and suppressed. Additionally it 
suggests growth activity of equal order for the crown 1 sections of 
stands with basal areas ranging from 70 to 140 square feet per acre.
Species other than spotted gum occurred in the natural
regeneration which colonised the old farm. The total stocking in
1945» before thinning, divided by species into two groups, namely
spotted gum and combined other species, forms table 27.
TABLE 27. Showing species breakdown of thinned and unthinned plots 
at Termeil. The assessment is made at 1945 prior to 
thinning and treatment in the thinned plot.
Number of trees per acre
Year Species Thinned plot "Unthinned plot
1945 Spotted gum 276 249
Other species 107 77
1971 Spotted gum 55 146
Other species 3 14
The proportion of spotted gum is increasing with time in 
both the thinned and unthinned forest. For the thinned forest this 
is due to thinning and treatment which was not based on the production 
of a pure spotted gum forest but had the stated aim of removing use­
less trees, unthrifty trees and trees with poor crowns as well as 
thinning the remaining stand to a set spacing. The high proportion 
of other species removed reflects the poorer quality of these trees.
In the unthinned stand the number of other species has
70
decreased from 77 to  14 t r e e s  per a c r e .  These t r e e s  have a l l  d ied  
and s e le c t io n  toward pure sp o tte d  gum f o r e s t  i s  p ro ceed in g . On a 
p e rcen tage  b a s is  th e  o th e r sp ec ie s  s to c k in g  numbers have f a l l e n  from 
26.6 p e rcen t to  8 .7  p e rc e n t. S p o tted  gum appears to  be more to le r a n t  
o f s tan d  com petition  th an  th e  o th e r sp ec ie s  which occur a t  T erm eil, 
in c lu d in g  b la c k b u tt ,  w hite s tr in g y b a rk , r e d  mahogany and iro n b a rk .
The s to ck in g  on th e  degraded cu t-o v e r f o r e s t  a d jac e n t to  th e  
p lo ts  was a sse ssed  by measurement of t r e e s  w ith in  a  one a c re  tem porary 
p lo t .  The assessm ent was made to  i l l u s t r a t e  once ag a in  th e  h i^ i  
p ro p o r tio n  of unm erchantable growing s to ck  in  th e  degraded f o r e s t  and 
to  allow  com parison w ith  th e  even-aged s ta n d  grown a f t e r  th e  o r ig in a l
f o r e s t  was f e l l e d . The s to c k in g  d a ta a re  : -
Number of t r e e s  
p e r a c re
B asal a re a  
p e r a c r e  
( s q . f t . )
Volume p er acre  
(su p e r f e e t  H.)
A ssessed as  u se fu l 52 53.0 5727
A ssessed as  u se le s s 59 5 9 .6 10241
T o ta l 111 1 1 2 .5 15968
The d iv is io n  o f th i s  s tan d  by crown c la s s e s  shows th e  j u s t i f i c ­
a t io n  of th e  word degraded. Only 10 t r e e s  p e r a c re  have c la s s  1 
crowns, 4 8  have c la s s  3 crowns. The m a jo r ity  o f th e  volume i s  in  
t r e e s  w ith  c la s s  2 crowns.
4 .1 .4  G eneral comments on th e  growing s to ck  of even-aged 
sp o tte d  gum f o r e s t .
The re g u la r  f o r e s t  as shown by th e  examples a t  T erm eil,
Corunna and Benandarah, has a  h igh  percen tag e  of u s e fu l s to ck in g . '-the 
h igh  p ro p o rtio n  of crown c la s s  1 and low p ro p o rtio n  of crown c la s s  3 
in d ic a te s  a  b e n e f ic ia l  le v e l  o f crown v igour and grow th.
For th e  one p lo t  where su p p ress io n  th ro u ^ i ex cessiv e  d e n s ity
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was causing death, the active members of the stand appeared to be 
little affected by the dying members. In this stand selection by 
suppression was leading toward pure spotted gum forest.
The rates of diameter increment have been given for particular 
situations of age, numbers and basal area density, in the various sections 
dealing with specific areas. It is intended in this section to general­
ise, firstly the increments to be expected in various dominance classes 
and then the increments for various crown classes.
For the irregular forest it has been shown in the preceding 
chapter how diameter increment is relatively constant with increasing 
average diameter. For even age forests this feature is not found and 
the trend of decreasing diameter increment with increasing diameter is 
evident. Representive values have been used to create Table 28.
TABLE 28. Representive values for diameter increment by dominance
classes and by crown classes for even-aged spotted gum forest
Diameter size class (in inches)
Dominance Class 0-4 4-8 8-12 12-16 16-20 20-24
1 .65 .46 .40 .30 .25 .22
2 .55 .37 .28 .20 .17 .13
3 .30 .24 .17 .13 .06
4 - .07 .07 -
Crown Class
1 .55 .40 .32 .23 .18 .14
2 .35 .30 .19 .13
3 .25 .10 .07 .09
The size class distribution for even-aged forest usually follows the 
normal distribution pattern whilst the irregular form follows a logarith­
mic progression decreasing from the smallest size class to the largest.
In Table 29 the frequency distribution for the even-aged forests is
examined
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TABLE 29 - Size class distribution - Number of trees per acre -
Even-aged spotted gum forest.
Forest Area Diameter size class (in
0-4 4-8 8-12
inches)
12-16 16-20 20-24 24-
Benandarah Plant 'n
Not thinned 45 130 60 30 5
Lightly thinned 15 55 65 40
Heavily thinned 0 5 35 45
Benandarah Natural
Regeneration - prior
to thinning 0 126 130 22 2
Corunna
Lightly thinned 0 10 26 37 24 2
Heavily thinned 0 1 10 38 19 3
Termeil
Not thinned 0 28 52 51 19 8
Thinned 0 0 3 28 21 6
Note : All the above areas have been thinned for a commercial mining
timber operation subsequent to the original schedule.
The general pattern of rise and fall associated with the normal distribut-
ion is evident for all the areas in the table •
4.2 Examination of the Growth Functions and Extension of the Volume 
Data to produce a Simple Yield Table.
4.2.1. Growth functions of the even-aged spotted gum stand.
The specific yield and stocking data presented has indicated 
growth rate trends of decreasing diameter increment with increasing average 
diameter and increasing stand basal area. In all examples studied, and 
in all circumstances anticipated, numbers will also decrease as size 
increases either by thinning or through mortality.
The diameter increment data a,re graphed against stand basal
area in figure 6
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The g en era l l im i t s  a s so c ia te d  w ith  th e  th re e  a reas  s tu d ie d  a re  proposed 
by th e  l in e s  en c lo s in g  th e  d a ta . Lack of examples in  th e  f i r s t  te n  
year p e r io d  p rev en ts  c o n tin u a tio n  to  an upper l im i t ,  however e x tra p o la t io n  
su g gests  th e  increm ent r a t e s  o f 0 .6  inches p e r annum or b e t te r  would be 
f e a s ib le  fo r  th e  zero to  40 square  f e e t  b a sa l a re a  p e r io d  in  s ta n d  
developm ent. This i s  supported  by Table 28, fo r  d u rin g  t h i s  p e r io d
v i r t u a l ly  a l l  t r e e s  would be c la s s e d  as dominance 1 o r 2 .
4 .2 .2 .  The Y ield  T ab le .
C u rtin  ( 1969a) d e sc r ib e s  in  d e ta i l  the  c o n s tru c tio n  o f a 
y ie ld  ta b le  fo r  even-aged b la c k b u tt f o r e s t s .  The d a ta  was taken  from 
100 sample p lo ts  on the  N.S.W. N orth  C o ast. B asal a re a  increm ent 
decreases  s ig n i f ic a n t ly  w ith  in c re a s in g  age and s tan d  d e n s ity . A s im ila r  
tre n d  i s  shown by the  s p o tte d  gum d a ta  and consequen tly  i t  was decided  to  
use C urtin*s method in  the  p ro d u c tio n  o f a  y ie ld  t a b le .
The b a sa l a re a  increm ent d a ta  were graphed a g a in s t b a sa l 
a re a  s im ila r  to  C urtin* s f ig u re  1 . These in  tu rn  a re  harm onised and 
redrawn to  give f ig u re  7» th e  backbone o f th e  y ie ld  t a b le .  C u rtin  
d e sc rib e s  in  d e ta i l  the  use o f th e  graph ( in  f ig u re  7) to  o b ta in  growth 
and p ro d u c tio n  d a ta .
F ig u re  7 a llow s p ro je c t io n  of b a sa l a re a  a t  s e t  ages from 
th e  increm ent d a ta . In  th i s  way y ie ld  i s  d iv id ed  in to  th in n in g  and 
main c ro p . Volumes a re  c a lc u la te d  from  mean d iam eter in  a  volume 
ta b le .  The number o f t r e e s  can be a d ju s te d  to  s u i t  a  d e s ire d  s t r u c tu r e .
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The basal area y ie ld  for the production o f sawlogs and for  
the production of mining timber are s e t  out in  d e ta il  below (Tables 30 and 
3 1 ). The stand chosen as a s ta r t in g  point i s  below the basal area and 
average diameter increment le v e ls  of the Benandarah P lan tation  which i s  
probably b e tter  than average for the whole o f the spotted  gum fo r e s t .
The increment ra tes  used for the reta in ed  stand are drawn from the 
dominance 1 and 2 ra tes  presented in  Table 28. Volumes were ca lcu la ted  
by the "Silres"  equation a fter  estim ates for height were made from a l l  
stands involved and the trees  f e l le d  to check the volume ta b le .
TABLE 30 -  C alcu lation  o f basal area and volume y ie ld  for sawlog production.
Age (yrs)  
BT (before  
thinning) 
AT (a fte r
thinning) 
TY (th in n in g  
y ie ld )
Number
of
trees
Basal 
Area 
( s q . f t ,  
per acre)
Diameter P .A .I .
( inches) for
eq u iv .to  basal
mean basal area
area. ( s q . f t
per ac, 
per an,
Merch­
antable  
he i  gilt 
estimate 
( f e e t )
•
•
Volume Volume 
per per 
tree  Acre, 
s u .f t  
per 
acre
10 400 4 .5 4 .5 4 .5 n i l n i l n i l
25 BT 400 111 .0 7 .1 4 .3 18280
25 AT) 120 61.5 9 .7 50 119 14280
) 120 10.4 4 .0 N il N il
25 TY 160 39.1 6 .7 23 25 4000
40 BT 240 115.4 9 .4 2 .9 23000
40 AT) * 60 66.0 14 .2 50 257 15420
) 50 6 .8 5 .0 4 N il N il
40 TY) * 60 28.6 9 .3 50 110 6600
5 70 14 .0 6 .1 17 14 980
60 BT 110 111.8 13 .6 1.95 24540
60 AT 40 8 0 .4 1 9 .2 50 471 18840
60 TY) * 50 10.0 6 .1 17 14 700
) 20 21.4 1 4 .0 50 250 5000
80 FF 40 115.4 23.0 1.75 50 675 27000
( f in a l  f e l l in g )
* Where marked the stand i s  comprised o f two d is t in c t  p arts , the parts
are bracketed
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TABLE 31 -  C a lc u la tio n  o f b a sa l a re a  and volume y ie ld  fo r  m ining
tim ber p ro d u c tio n .
Age (y rs )  Number 
BT (b e fo re  of
th in n in g ) t r e e s
AT ( a f t e r
th in n in g )
TY ( th in n in g  
y ie ld )
B asal 
Area 
( s q . f t ,  
p e r a c .)
D iam eter P.A.I. Merch-
( in ch es) f o r  a n ta b le
e q u iv a l-  B asal h e ig h t
en t to  Area e s tim ate
mean b a sa l ( s q . f t  ( f e e t )
a re a .  p e r a c .
p e r a n .)
Volume 
p e r 
t r e e  
( s u . f t .  )
Volume
per
Acre
10 400 4.5 4.5 4.5 N il N il N il
20 BT 400 6.9 6 .4 4 .4 9980
20 AT)* 220 53.6 6 .7 23 25 5500
) 100 8 .7 4 .0 N il N il N il
20 TY 80 26.7 7.8 36 56 4480
40 FF)* 220 105.8 9.4 3.0  50 111 24420
) 100 16.5 5.5 10 4 400
Where marked * the  s tan d  i s  com prised o f two d i s t i n c t  p a r t s ,  th e  p a r ts  
a re  b rack e ted .
T his d a ta  a llow s th e  p re s e n ta t io n  o f a  form al y ie ld  ta b le ,
T ables 32 and 3 3 ,fo r  th e  s p o tte d  gum f o r e s t  developed under even-aged s tan d
c o n d itio n s .
The i n i t i a l  s tan d  a t  age  10 com prises 4OO t r e e s ,  45 square f e e t  
b a sa l a re a  and mean d iam eter 4*5 in c h e s . S po tted  gum appears to  be a  
t r e e  slow er to  commence ra p id  growth than  b la c k b u t t .  Groups of t r e e s  w ith  
average diam eter of 4*5 inches a t  10 years  have been observed in  ro u tin e  
trea tm en t a re as  on Brooman S ta te  F o r e s t .
The management proposed aims a t  h ig h  d iam eter growth in  th e  
r e ta in e d  s ta n d . E a rly  m ining tim ber o p e ra tio n  a s s i s t s  th i s  w h ils t  a t  th e  
same tim e making a  quick monetary r e tu r n .  With c o n tro l based on b a sa l
a re a  no t numbers, on ly  th e  minimum amount o f m a te r ia l  between th e  u n sa leab le  
l im i t s  o f 12 to  16 in ches d .b .h .  would be produced.
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TABLE 32 -  Y ie ld  ta b le  fo r  even-aged sp o tte d  gum f o r e s t  fo r  sawlog p ro d u c tio n  
(volume in  super f e e t  H. per a c re )
Main Crop T hinning  Y ie ld  T o ta l P roduction
Age. No. Diam. B asal V ol. No. Diam. B asa l V ol. B asal V ol. PAI MAI
Area Area Area
10 400 4 .5  4 .5 N il N il - - 45.0 N il
730
25 240* 71.9 14280 160 6 .7 39.1 4000 111 .0 18280
582
730
40 no* 72.8 15420 130* 42.6 7580 144.5 27000
456
675
60 40 19.2 80 .4 18840 70* 31.4 5700 193 361200
408
602
80 40 23.0 115.4 27000 44280 554
T o ta l th in n in g  y ie ld  17280 s u . f t  
P in a l  f e l l i n g  y ie ld  27000 s u . f t
44280 s u . f t
* denotes y ie ld  ta b le  v a lues where p roducts  have two d i s t i n c t  components.
These were s e t  out s e p a ra te ly  in  Tables 30 and 31; th e  sm alle r p a r t  in  each 
was re ta in e d  due to  i t  b e in g  too sm all to  be s o ld . L a te r  when making up p a r t  
o f th e  y ie ld  th e  id e n t i ty  of th e  two p a r ts  has been k ep t to  g ive g re a te r  
re a lism  to  th e  average d iam eters and volume e s tim a te s  made.
S im ila r ly  th e  ta b le  fo r  m ining tim ber p ro d u c tio n  i s  :
TABLE 33» -  Y ie ld  ta b le  fo r  even-aged sp o tte d  gum f o r e s t  fo r  m ining tim ber 
p ro d u c tio n .
Main Crop T hinn ing  Y ie ld T o ta l P ro duction
Age. No. Diam. B asal
Area
V ol. No. Diam. B asal
Area
V ol. B asal
a re a
V ol. PAI MAI
10 400 4.5 4 .5 N il N il - - 45.0 N il
499
20 320* 52.3 5500 80 7 .8 25.7 4480 89.0 9980
965
499
40 320* 122.3 24820 - - -
0
•
C
T
\
H
29300 733
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The volume M .A .I. p re d ic te d  in  the y ie ld  ta b le  i s  h ig h e r th an  th e  
increm ents commonly accep ted  fo r  the  i r r e g u la r  sp o tte d  gum f o r e s t s .  
F ig u res  such as 5 or 7 cubic f e e t  have been quoted (C u rtin  1970)•
These r a te s  a re  fo r  th e  g e n e ra lly  degraded dry  s c le ro p h y ll  f o r e s t  o f 
poorer q u a l i ty  than  th e  South Coast s p o tte d  gum f o r e s t s .
The y ie ld  ta b le  d a ta  a re  in ten d ed  to  re p re se n t th e  h ig h er 
q u a l i ty  p a r t  o f th e  dry s c le ro p h y ll  range and th e  wet s c le ro p h y ll s i t e s .  
A pproxim ately 20,000 ac res  o f th e  B atem ans Bay to  Term eil s tudy  a re a  
would be in  t h i s  c la s s .
The y ie ld  ta b le  i s  n o t in tended  to  p re s e n t maximum v a lu es .
The P .A .I .  fo r  th e  unth inned  and l i g h t l y  th in n ed  a re a s  a t  Benandarah S.F 
exceeded those  proposed in  th e  ta b le s .  The 70 year M .A .I. fo r  t o t a l  
p ro d u c tio n  fo r  th e  Term eil th in n ed  p lo t  a t  480 super f e e t  per ac re  per 
annum i s  n o t g re a t ly  below th e  550 to  600 super f e e t  per ac re  per annum 
expected  in  the  y ie ld  ta b le  fo r  th e  60 to  80 y ear p e r io d . T erm eil S.F 
i s  only m oderate s i t e  q u a l i ty  fo r e s t  and d id  n o t b e n e f i t  from e a r ly  
th in n in g s .
8 0 .
CHAPTER 5 .
SILVTCULTURAL SYSTEMS MD METHODS.
The s i l v i c u l t u r a l  system  d e s ig n a te s  a  p lanned programme fo r  
the whole l i f e  of the  s tan d , a  re p ro d u c tiv e  phase i s  c r i t i c a l  to  the  
programme as a  whole. The f o r e s t s  of th e  s tu d y  a re a , bo th  t r e a te d  and 
u n tre a te d , a re  encumbered by la rg e  numbers o f unm erchantable t r e e s  and th e  
p ro v is io n  of re g e n e ra tio n  to  r e tu r n  th e se  s tan d s  to  f u l l  p ro d u c t iv i ty  i s  
e s s e n t ia l .
R egenera tion  trea tm en t in  th e  p a s t  has been su c c e ss fu l. The 
fa c to rs  r e s t r i c t i n g  and prom oting re g e n e ra tio n  a re  a  complex in te r a c t io n  of 
sp ec ie s  c h a r a c te r i s t i c s ,  th e  s i t e  and i t s  v e g e ta tio n . I t  i s  in ten d ed  to  
d iscu ss  the achievem ents of p rev ious s i l v i c u l t u r a l  trea tm en t in  r e l a t io n  to  
i t s  aim and su ccess .
5 .1 . Review of p a s t s i l v i c u l t u r a l  tre a tm e n t.
B oth re c o rd s  by m y  of maps and th e  memory of people a s s o c ia te d  
w ith  the  f o r e s ts  fo r  lo n g  p e rio d s  have allow ed th e  va rio u s  tre a tm en ts  to  be 
re - lo c a te d  and a sse sse d . The h is to r y  of re g e n e ra tio n  can be d iv id ed  in to  
fo u r " e ra s ” and a c u rre n t p e r io d . These a re  th e  p e rio d s  of r in g b a rk in g , 
group s e le c t io n ,  advance growth sa lv ag e  and th e  c l e a r f e l l i n g .  The f i f t h ,  
trea tm en t fo r  r e c re a t io n ,  has y e t to  assume any s ig n if ic a n c e  o th e r th an  a 
c u rre n t d e s ire  fo r  n a tu ra ln e s s  in  th e  lan d scap e . The fo u r w i l l  be d iscu ssed  
in  tu rn , the  f i f t h  w il l  be review ed in  C hapter 7*
5*1 .1 . R e su lts  from r in g b a rk in g  tre a tm e n t.
R ingbark ing  tre a tm e n ts  commenced in  th e  f o r e s ts  n o rth  from B atem ans
Bay p r io r  to  the 1920s when th e  aim was to  remove from the growing f o r e s t  th e
la rg e  overm ature u se le s s  t r e e s  and r a i s e  the  q u a l i ty  of growing s to c k . 
R egenera tion  d id  occur and p re se n t day examples o f second growth p o le  
s iz e d  f o r e s t  o r ig in a te d  in  th i s  way. However, th e  trea tm en t was
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not designed primarily to produce regeneration "but to remove the useless 
old growth. The success or otherwise of a ringbarking treatment in 
producing regeneration depended primarily on site and growing stock. 
Selective logging plus the ringbarking of the culls provided adequate space 
for the establishment of regeneration, unless prevented by understorey 
competition. Unfortunately, the understorey dominated in the hi^ier 
quality sites and today large lower slope and gully bottom areas are but 
partially stocked following ringbarking and selective logging.
In the ringbarking treatments of the 1930s and early 1940s more 
small trees were ringbarked which helped regeneration to establish on the 
weed-free sites. The regeneration has grown vigorously where the residual 
stocking of old growth m s  low but where the overstorey has dominated the 
regrowth, growth has been poor. The two acre plot established on 
Benandarah supports this view. The stand had 51 living trees, 6 stumps 
and 18 ringbarked trees per acre. Eighty three square feet basal area 
were removed in the ringbarking and logging but only 22 living trees below 
16.0 inches in diameter are present. All 22 trees are in the sub­
dominant or suppressed classes, most have poor, class three crowns.
Ringbarking treatment has been successful in stimulating 
regeneration on the harsher sites away from the wet sclerophyll. Under 
these conditions the dynamically balanced lignotuber pool recorded by Henry 
and Florence (1966) allows the long established but not degraded 
lignotuberous seedlings to surge away, creating the regrowth stand.
5.1.2. Group Selection.
Following the period of ringbarking treatment the requirement 
for regeneration became more widely appreciated. The group selection
system m s  used in an attempt to achieve both improved quality in the
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retained stand and regeneration. Jacobs (1955) describes the develop­
ment of the system in a stand. Regeneration occurred in gaps in the
forest. These were created by the fall of veterans due to natural
decay and fire or otherwise by selective logging.
The system is best applied to forests of high quality where 
the gap created during felling operations is surrounded by trees which are 
able to benefit from the release. In latter years the routine treatment 
by this method also aimed at the removal of the useless trees throughout the 
stand.
For irregular forest of high quality, such as occurred on 
North and South Brooman State Forests, the system worked well, producing 
regeneration in stands where the valuable advance growth required retention. 
To determine the success of the treatment randomly located transects were 
assessed. In each the overwood and regeneration were recorded. Strips 
were oriented either parallel to or across the contour.
The results were graphed by species and height both within the 
overwood and regeneration and diameters were measured for the overwood.
Almost 8 miles of transect were used to sample the four systems. Regener­
ation was recorded for 4 feet each side of the transect line whilst the over­
wood was recorded for 33 feet each side. Considerable variation occurred 
within the strips in density of both regeneration and overstorey. I have 
selected what are considered to be average conditions and have presented 
these graphically.
Brooman forest has the oldest treatment and will be discussed 
as an example of the group selection system. The graphs in figure 8 show 
clearly the way regeneration occurs in the gaps created. The transects 
parallel to the contour were located approximately three chains away from
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th e  r id g e  top  road  and those  ac ro ss  th e  contour were from road  to  g u lly .
R egenera tion  s to ck in g  up to  1200 t r e e s  per a c re  occurred  in  
th e  more open gaps. These re g e n e ra tio n  openings were la r g e r  than  
recommended by Jacobs (1955) be ing  up to  4 ch ain s wide and 5 to  10 chains 
lo n g . In  between th e  gaps very  l i t t l e  re g e n e ra tio n  occurred  due to  th e  
s to ck in g  d e n s ity  o f th e  fo r e s t  r e ta in e d  d u rin g  th e  tre a tm e n t. In  p lace s  
where re g e n e ra tio n  occurred  in  sm all gaps c re a te d  by rem oving in d iv id u a l 
c u l l  t r e e s  th e  s to ck in g  i s  lower and h e ig h t growth and crown v igour a re  
p o o re r. The u n r e s t r ic te d  re g e n e ra tio n  has reach ed  40 f e e t  in  h e ig h t 8 
y ears  a f t e r  tre a tm e n t. The graphs show c le a r ly  th e  edge e f f e c t  around 
th e  group, th e  t a l l e s t  re g e n e ra tio n  i s  always in  th e  opening v/ith  d e c rea s in g  
h e ig h t to  th e  edge o f th e  gap. This com petition  f a c to r  i s  g re a te r  fo r
sm all groups than  fo r  la r g e r  groups.
On both  th e  n o rth e rn  and so u th ern  a sp e c ts  sampled p a r a l l e l  to  
th e  r id g e ,  good re g e n e ra tio n  was found to  occur in  th e  open ings. This 
p o in t i s  made to  counter p a s t  c r i t ic is m  o f th e  system which a ro se  when 
re g e n e ra tio n  f a i l e d  fo llo w in g  c u l l  trea tm en t between th e  re g e n e ra tio n  open­
in g s . Such openings were hedged around by m oderate le v e ls  o f o v e rs to rey  
and consequen tly  should  n o t have been expected  to  re g e n e ra te . The re ta in e d  
s tan d  should  occupy th e  rem ain ing  s i t e  w ith  growing s to ck  ib le  to  use the  
s i t e  f u l l y .  I f  in s u f f ic ie n t  good q u a l i ty  growing s to ck  i s  a v a ila b le  
between th e  re g e n e ra tio n  openings then  i t  must be c le a r ly  reco g n ised  th e  
group s e le c t io n  system i s  no t a p p lic a b le  and th e  f o r e s t  should  be handled 
in  some o th e r way. The advance growth sa lv ag e  or c le a r  f e l l  system is  
more l i k e ly  to  be a p p lic a b le  under th e se  c o n d itio n s .
The p a t te rn  o f re g e n e ra tio n  d i s t r ib u t io n  in  re la tio n  to  over­
s to re y  i s  graphed in  f ig u re  9« The occurrence  o f s a t i s f a c to r y  re g e n e ra t­
ion  s to ck in g  a t  b a sa l a re a  d e n s i t ie s  le s s  than  40 to  60 square  f e e t  i s  seen .
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Some failures are evident.
Success in establishing regeneration within the openings was 
limited to the areas parallel to the ridge top. This zone on the Brooman 
forest would be 4 ^0 6 chains wide on the southern aspect and up to 10 chains 
wide on the northern aspect. It would fit into the wetter range of high 
site quality dry sclerophyll forest. Beneath this zone the wet sclerophyll 
forest occurs and no regeneration is obtained.
Failure to obtain regeneration on the wet sclerophyll sites 
is due to two major factors. The first is the rapid capture of the site 
by weeds and vines, and the second is that the stand character does not suit 
the group selection system. The rounded flat ridges provided excellent 
access, the timber closer to the ridge was more easily taken and the second 
growth started in the gaps. The trees from the gullies were more care­
fully selected, fewer were removed providing less opportunity for gaps 
created by logging. The current gully stand consequently contains more
old growth and is suited to advance growth salvage rather than group 
selection. Hi^i quality, selectively logged and treated stands suitable 
for group selection are not particularly common.
The principal cause of failure to obtain regeneration 
irrespective of the silvicultural system used is the weed problem. This 
has been discussed many times by workers dealing with regeneration in wet 
sclerophyll Eucalypt forests of northern N.S.W. (Van Loon 1966, Holmes 1968). 
Many species of weed are common to both areas.
The occupation of the site by weeds was studied by 
Floyd (1965) who found rapid and prolific weed growth following slash burns 
in wet sclerophyll Eucalypts. Wattles and soldier vine were the greatest 
problem due to their woody nature, rapid growth and perennial habit. Soldier
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vine scrambles and pulls over the regenerating Eucalypt. Van Loon 
(1966) working in tallowwood forests near Taree emphasised the need for 
seed bed preparation. No regeneration occurred without it. Holmes
(1988) attributes the failure of blackbutt to regenerate in moist sites 
to the heavy and intense weed and vine competition. The same pattern is 
observed for spotted gum.
In all instances the use of controlled fire could produce the 
required receptive seed bed but the risks involved are high, particularly 
if natural sources of seed are to be used in the re-stocking. Due to the 
rapid weed competition the burning has to be co-ordinated with seed shed 
or sowing. This has to be followed by good conditions for germination 
and growth.
To overcome the uncontrolled factors, site preparation by 
tractor has developed. Floyd (19&5) measured eighteen times the wei^it 
of problem weeds on a series of burnt areas compared to the unburnt, 
tractor cleared sites. The difference in total weed growth after one 
year was 1.32 tons per acre for the burnt and .38 tons per acre for the 
tractor cleared and the latter comprised mainly “innocuous annuals“ .
The slower onset of competition allows the regeneration to be undertaken 
at more convenient times for the labour force and in seasons with more 
reliable and suitable weather. If necessary it can be delayed or tied 
in with the time of natural seed shed, and as Van Loon (1966) pointed out, 
the seed trees left are not damaged and may therefore contribute to stocking 
over a number of years.
The technique of baring the soil by tractor to overcome the 
weed problem is now accepted practice on many North Coast forests. For 
the South Coast ene experimental area of approximately 5C acres on Brooman 
State Forest was treated and this verified its suitability and effective­
ness to cope with the weed problem of the spotted gum and spotted gum -
Heavily logged 
spotted gum forest
before treatment.
Virtually all trees 
in the photograph 
are unsaleable.
South Brooman S.F.
Forest similar to that shown in the upper 
photograph after treatment by tractor. The 
soil surface was bared and the debris heaped. 
South Brooman S.F.
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b lu e  gum wet s c le ro p h y ll  f o r e s t  ty p e s .
Holmes ( 1968) and Van Loon ( 1966) bo th  d isc u ss  v a r ia t io n s  on 
th e  b a s ic  t r a c to r  c le a r in g  technique and no v a l id  te c h n ic a l  re a so n  i s  known 
why s im ila r  v a r ia t io n s  should no t be f e a s ib le  in  th e  B atem an's Bay a r e a .
One v a r ia t io n  has become w ell known as th e  sn ig  t r a c k  ex ten s io n  method.
I t  re q u ire s  th e  10 to  20 p ercen t s i t e  d is tu rb a n ce  from lo g g in g  to  be 
in c re a se d  to  50 to  60 p e rcen t by the  ex ten s io n  of th e  s n ig  t r a c k s .  T h is  
i s  achieved  by t r a c to r  pushing th e  maximum of bare  s o i l  w ith  th e  minimum 
of work. A second v a r ia t io n  invo lves th e  use o f heavy t r a c to r s  to  c re a te  
windrows spaced re g u la r ly  or i r r e g u la r ly  over th e  a re a  where th e  heaped 
d e b ris  i s  r e s t r i c t e d  to  10 to  15 p e rcen t of th e  s i t e  g iv in g  v i r t u a l l y  a  
f u l l  s to c k in g  r i g h t  to  th e  edge of the  d e b r is . A lthough more c o s t ly ,  
l a t e r  lo g g in g  c o s ts  w i l l  be much reduced .
The dry  sc le ro p h y ll f o r e s t  w ithou t th e  weed problem in  th e  
re g e n e ra tio n  s tan d  a lso  ^ i n s  by use of th e  t r a c to r  f o r  s i l v i c u l t u r a l  t r e a t ­
ment. H ost o f th e  argument in  favour o f t r a c to r  use  s t i l l  a p p lie s  f o r ,  
as i s  shown l a t e r  in  th e  K ioloa c l e a r f e l l  s tu d y , th e  d is tu rb e d  s o i l  w i l l  
c a r ry  b e t t e r  re g e n e ra t io n . F ir e  weeds s t i l l  occur in  the  dry  s c le ro p h y ll
and so th e  more f l e x ib le  trea tm en t not r e q u ir in g  c o n tro l le d  b u rn in g  i s  
u se fu l in  t h i s  in s ta n c e  as we 11 as in  wet s c le ro p h y ll .  In  th e  graphs in  
f ig u re s  10 and 11 th e  absence of re g e n e ra tio n  where th e re  i s  l i t t l e  o v er­
s to re y  i s  due to  v in e  and weed dom ination of th e  s i t e .  The w ild  g rap ev in e , 
G issus spp, i s  th e  main o ffen d e r. These weeds occur w ithout f i r e  and 
w ith  f i r e  o th e r  weeds add to  th e  problem.
5 .1 .3 .  Advanced Growth Salvage.
The major f a c to r s  a f f e c t in g  th e  cho ice of a  s i l v i c u l t u r a l  
system  a re  th e  growing sto ck  q u a li ty  and th e  le v e l  o f u t i l i z a t i o n .  The
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u t i l i z a t i o n  s tan d a rd s  on th e  South Coast a re  h ig h  and th e re fo re  the  grow­
in g  s to ck  becomes th e  p rim ary  f a c to r .  Jacobs (1955) d e sc r ib e s  advance 
growth as ” e s ta b lis h e d  seed lin g s  sav ings or p o le s  which a re  p re sen t in  a 
f o r e s t  . . . . " .  The la rg e r  members such as s a p lin g s , p o le s  and logs
a re  more im portan t in  th e  co n tex t of th i s  t h e s i s .
The advanced growth salvage  system i s  used to  r e t a in  stand  
members which w i l l  grow a t  a s a t i s f a c to r y  r a t e ,  p a r t i c u la r ly  th o se  near 
m e rc h a n ta b ility , a t  th e  same tim e removing u n d e s ira b le  t r e e s  which a re  
u se le s s  or w il l  re n d e r re g e n e ra tio n  d i f f i c u l t .
For th e  e a s t  co as t E ucalyp t f o r e s t  two broad a p p lic a tio n s  fo r  
th e  method e x i s t .  They a re  f i r s t l y ,  f o r  th e  h igh  q u a l i ty  f o r e s t  where 
adequate advance growth e x is ts  to  u t i l i z e  th e  f u l l  s i t e  p ro d u c tiv i ty  and 
th e  lo g g in g  and tre a tm e n t aims a t  th e  r e te n t io n  o f q u a l i ty  growing s to ck  
to  the p re sc r ib e d  s ta n d  d e n s ity . T rees in  excess o f th i s  l im i t  w il l
be removed by lo g g in g  and tre a tm e n t to  g ive a  v igorous s ta n d  w ithout a  
re g e n e ra tio n  req u irem en t. T h is  type of f o r e s t  i s  q u ite  r a r e ,  a r i s in g  
from p rev ious tre a tm e n t and w ell c o n tro l le d  lo g g in g . Benandarah S ta te  
F o re s t has some a re a s  of h igh  q u a l i ty  i r r e g u la r  f o r e s t  which approach th i s  
co n d itio n  b u t more o f te n  forms a  m ix ture  w ith  th e  second ty p e .
The second a p p lic a t io n  i s  w idespread and has been ap p lie d  to  
th e  major p o r tio n  o f a l l  a re as  t r e a te d  in  the  l a s t  decade. I t  r e ta in s  th e  
d e s ira b le  advance growth b u t removes th e  l e s s  d e s ira b le  t r e e s  re p la c in g  
them w ith  re g e n e ra t io n . What i s  r e ta in e d  v a r ie s  g re a t ly ,  from th e  f u l l
s to ck in g  d iscu ssed  in  th e  p reced in g  p arag raph , to  n o th in g , th a t  i s  c le a r -  
f a l l i n g .  The le v e l  o f t r e e s  r e ta in e d  between th e se  two extrem es depends 
upon q u a l i ty  and th e  management o b je c t iv e s . At tim es in  th e  p a s t
u t i l i z a t i o n  was no t as higfr as i t  i s  today  and a lso  th e  need fo r  low over­
s to re y  com petition  as  a  p re re q u is i te  fo r  good re g e n e ra tio n  was no t as
88
widely recognised. The growing stock responded poorly and regeneration 
created or stimulated by the treatment was soon suppressed by competition.
Moderate success was achieved when the need to reduce 
competition was recognised and accompanied by heavier logging and treatment.
In recent times the system has been very successful when used with complete 
logging of all saleable material and strict quality control of the smaller 
stand members. The trees retained rarely exceed 30 square feet basal area 
and regeneration numbers exceeding 1000 have been achieved. Natural 
dominance within the stand limits the effective trees to about 400 per acre, 
a desirable stocking. If the higher number persisted excessive density 
would be a difficult problem for the future.
Transects throu^i this type of treatment are shown in 
figures 10 and 11, where the pattern of spaced trees without a grouped 
condition is evident. The relationship between stocking density and re­
generation can be followed from the examples.
At stocking densities less than 40 square feet of overstorey 
basal area regeneration occurs in adequate numbers. Stand "locking" has 
been recorded by Curtin (1968) in dense regeneration. Techniques may be 
needed to overcome this on the South Coast. Possibly the use of well 
controlled ground fire could offer a method of encouraging segregation into 
dominance classes. However, at present natural dominance is well 
established and the stands are satisfactory.
Jacobs (1955) has viewed the advance growth salvage system 
as setting the stage for the future group selection system. This is no 
doubt true for certain situations but for others the system moves towards 
the even-aged condition. When strict quality control is exercised over 
the retained stand the forest can be made even aged at the end of one rotation 
The form of the system will be directed by management objectives and growing
FIGURE 10
Transects th rough  forest, tre a te d  by the advance 
growth salvage s ilv icu ltura l system on Boyne State 
Forest.
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stock quality. The clear cutting with seed trees system is for 
convenience included within the advance growth salvage section. The 
trees retained should be good quality growing stock to ensure merchant­
able increment. It can be regarded therefore as salvage for a twofold 
purpose, provision of seed and retention of trees of good quality.
In this system, as well as the group selection system, the 
regeneration phase can fail entirely due to capture of the site by weeds
and vines. The graph for Kioloa transect number 6 shows this feature
excellently, the absence of regeneration in the middle of the strip
corresponds exactly with the commencement and cessation of dense cissus
vine and shrubs across the head of a gully. The striking success of
the Boyne forest transect is a fine example of dry sclerophyll forest of
moderate site quality. Lignotuberous seedlings contribute substantially
to restocking in this area.
5.1.4. Clearfall.
The clearfall is used to convert highly defective stands 
quickly into productive forest. It has a number of management advant­
ages over the selection forest but in the regeneration stage is not 
attractive for recreation.
Clearfelling is best suited to the overmature forest that has 
not received the benefit of previous ringbarking or other silvicultural 
treatment. An area of 20 acres was clearfelled as an experiment in 
1967 and a larger area was treated by this method in 1968. A study was 
established in the 1967 block to observe the regeneration stocking obtained, 
A second study in the 1968 block investigated the effect of drought and 
burning on the results of the method.
The smaller area, known as the Joes Nose Road area, is in 
Boyne State Forest on dry sclerophyll spotted gum - ironbark type.
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I t  i s  a s id e  r id g e  o ff  from th e  main r id g e .  T ran sec ts  were a rranged
D 0to  sample a l l  a sp ec ts  ran g in g  from 30 to  220 . The regrow th  was
reco rd ed  a lo n g  the  t r a n s e c t  by s p e c ie s , sp o tte d  gum or o th e r  s p e c ie s , 
p r in c ip a l ly  iro n b a rk , and by h e i ^ i t .  Coppice growth was reco rded  in
th e  same way. Heimat d if fe re n c e s  were n o t g re a t nor formed any p a t te r n .  
A fte r  two y ears  the  dominant re g e n e ra tio n  had reached  10 to  12 f e e t .  
S p o tted  gum re g e n e ra tio n  from seed  or l ig n o tu b e r  had a s to ck in g  of th e  
o rd er o f 100 per ac re  w h ils t  th e  o th e r sp ec ie s  s to ck in g  approached 150 per 
a c re , coppice in  each group was approx im ately  50 per a c re  -  Table 34.
TABLE 34 -  S tocking  on C le a r f e l le d  a re a  -  Boyne S ta te  F o re s t .
T ran sec t 
R eference 
Number.
Length of 
T ran sec t 
(8 f t .w id e )  
c h a in s .
A spect
B earing
in
degrees
S tock ing  p er Acre •
S p o tted  Gum
R egener- Coppice 
a t  ion
O ther S pecies
R egener- Coppice 
a t  ion
Total
A llfo r i
1 7.5 30 77 55 110 66 308
2 12.0 70 110 41 256 48 455
3 14.0 110 136 35 218 30 419
4 10.2 150 137 89 65 40 331
5 8 .7 190 48 38 162 28 276
6 5 .7 220 103 29 115 72 319
W ith an e f f e c t iv e  s to ck in g  o f from approx im ately  300 to  400 
t r e e s  p e r a c re  th e  Joes Nose Road a re a  i s  considered  to  be su c c e ss fu lly  
re g e n e ra te d  and re tu rn e d  to  p ro d u c tiv i ty .
U n fo rtu n a te ly  th e  same cannot be s a id  fo r  th e  second and 
la r g e r  a re a . I t  i s  lo c a te d  on K ioloa S ta te  F o re s t and i s  known as the  
Ryans Creek a re a . The f e l l i n g  was made d u rin g  th e  p e rio d  o f extreme 
dryness in  1967 anc* 1968. Follow ing  the  severe  f i r e  season in  1968
g re a t f e a r  was expressed  of th e  p o te n t ia l  d i s a s te r  l i k e ly  i f  th e  c le a r -  
f e l l e d  a rea  was b u rn t d u rin g  bad tim es . A s tu d y  was subsequen tly
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established to observe the effect of slash disposal burning by mild autumn 
fire. The 150 acre block was subdivided into 8 and subsequently 4 sub 
blocks were burnt in Autumn 1969. The stocking of the area was assessed
after 3 months and 9 months. After three months the following per acre
stocking was recorded
from the burnt area, 6l seedling regeneration and 1 lignotuber; 
and for the unburnt area, 100 seedling regeneration and nil lignotuber. 
Overall for the 40 chains of transect little difference was observed between 
the nominally burnt and unburnt, both were poorly stocked. However, for the 
burnt blocks the regeneration mostly occurred on the disturbed ground of the 
snig tracks which was not burnt in the fire.
The second assessment at 9 months looked more closely at this 
factor of site disturbance. The details are given in Table 35*
TABLE 35 - Stocking on clearfelled area Ryans Creek - Kioloa State Forest.
Length
of
Transect 
(chains)
Stocking per Acre
Nominally burnt block Unburnt block
Unburnt areas Burnt areas 
associated with both disturbed
disturbed sites and undisturbed Disturbed Undisturbed
______________________ sites________________site________ site
84 95 seedlings 12 seedlings
5 lignotubers 10 lignotubers
70 55 seedlings 21 seedlings
11 lignotubers 24 lignotuber
The disturhed sites occupy at a maximum 15 to 20 percent of the 
acre but carry proportionately far more regeneration on both the unburnt and 
burnt blocks. For undisturbed sites on burnt areas, 22 new stems per 
acre are far too low and the site is now claimed by fire weeds of Kennedya spp 
and wattle thus preventing artificial seeding.
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Burning to reduce the fire hazard removes established regrowth 
and prevents new natural germination by destroying the seed in the crowns 
and capsules on the ground. If burning is necessary the treatment should 
be co-ordinated with artificial sowing either by hand for small areas or 
preferably by aerial distribution for larger areas as described by Grose, 
Moulds and Douglas (1964).
The Ryans Greek clearfell was continued during the wet year of 
1969, after the drought had broken. In this latter area stocking rates 
up to 2000 seedlings per acre, virtually all from seedling origin, have 
bean recorded. The 1968 and 1969 az’eas are similar in forest type and 
understorey vegetation indicating the difference in regeneration, from 
deficiency to excess, is due to the seed source and climate for regeneration. 
Treatment by the clearfelling method was restricted to the spotted gum 
types which had a dry sclerophyll character. The weed and vine problem 
discussed in the other systems for wet sclerophyll forest would also doom 
the clearfell treatment to failure.
5.1.5« Origin of the regeneration.
In all the silvicultural systems discussed above regeneration 
could have been achieved by natural seeding, artificial sowing or jiffy pot 
planting. All can be extremely successful in particular situations.
The most expensive treatment in jiffy pot planting, but this technique is 
very reliable. From the author's own experience artificial seeding 
methods from spot sowing to broadcast sowing by hand and aerial methods 
have all given successful results but considerable variation in stocking 
can occur throu^i vagaries of the weather and site. This variation is 
undesirable for management and yield forecasting so therefore the assured 
stocking at a defined number per acre obtained with jiffy pot planting has 
great value.
5.1.6 Discussion.
The four silvicultural systems, ringbarking culls, group
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s e le c t io n ,  advance growth sa lvage  and c l e a r f e l l i n g ,  have a l l  proved 
su c c e ss fu l in  dry s c le ro p h y ll  f o r e s t .  Extreme drought reduces the 
e f f ic ie n c y  o f a l l  fo u r system s. In  wet s c le ro p h y ll  f o r e s t  th e  fo u r 
system s have a l l  f a i le d  due to  ra p id  c o lo n is a t io n  o f th e  s i t e  by weeds, 
v in e s , w a ttle s  and dense sh ru b s . These wet s c le ro p h y ll a re a s  a re  th e
h ig h er q u a l i ty  s i t e s ,  o f te n  w ith  a r a in  f o r e s t  u n d e rs to rey  o f shrubs and 
v ines p re se n t b e fo re  lo g g in g  and tre a tm e n t. They have no advance growth 
such as l ig n o tu b e rs .  The r a in f o r e s t  u n d e rs to rey  c o n s is te n t ly  in d ic a te d  
an absence of lig n o tu b e rs  in  a l l  s tu d ie s .
The d a ta  p re sen ted  g ives good reaso n  fo r  se p a ra tio n  of th e  wet 
and dry  s c le ro p h y ll f o r e s t  in to  two d i s t in c t  e n t i t i e s  fo r  s i l v i c u l tu r a l  
trea tm en t even though th i s  w i l l  mean some lo g g in g  u n i ts  w il l  be d iv id ed , 
lower s lo p es  to  th e  wet s c le ro p h y ll  and upper s lo p es  to  the  dry .
For the  wet s c le ro p h y ll s i t e ,  the r i s k  invo lved  in  any trea tm en t 
in c lu d in g  b u rn ing  i s  co n sidered  too h ig h . Weather p a t te rn s  fo r  Southern 
N.S.W. a re  more severe  and more v a r ia b le  than  in  Northern N.S.W. T h ere fo re , 
no lo g g in g  should be undertaken  where re g e n e ra tio n  i s  re q u ire d  u n le ss  some 
form of s i t e  p re p a ra tio n  by t r a c to r  c le a r in g  i s  to  fo llo w . V/here heavy 
lo g g in g  i s  c a r r ie d  out w ithou t t r a c to r  tre a tm en t v i r t u a l  abandonment of th e  
s i t e  fo r  bo th  tim ber p ro d u c tio n  and r e c re a t io n  w il l  be th e  consequence and 
must be accep ted  a t  th e  tim e the  d e c is io n  to  lo g  i s  made.
The use o f the  t r a c to r  to  p rov ide  a system of heaps and bays, 
no t n e c e s s a r i ly  in  re g u la r  p a t te r n ,  w i l l  f a c i l i t a t e  the  use  of mechanised 
h a rv e s tin g  fo r  th in n in g . The th in n in g  i s  c r i t i c a l  fo r  balanced  s tan d  
development and h e a l th . To p reven t th in n in g  by b ro ad cast f e l l i n g  or 
t r a c to r  c le a r in g  methods d e fe a ts  th e  purpose o f th e  re g e n e ra tio n  which i s  
to  p rov ide  m ining tim ber as w e ll as sawlogs a t  a low c o s t .  Hanson (1965) 
p re se n ts  d e ta i l s  and c o s ts  fo r  p ine  p la n ta t io n s  to  support th e  need to  
manage th e  f o r e s t  w ith  s i l v i c u l t u r a l  system s which help  r a th e r  than  h in d er
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in the economic development. The same must he done for hardwood where 
the problem is much greater. If harvesting is ignored as it is with the 
broadcast clearfell, the result is more likely to be total loss of the 
thinning crop and subsequent set back to the main yield. If tractor 
clearing and heaping is done, the advantage to be gained by planting the 
desired number of trees by the jiffy pot technique is desirable. Sowing, 
although somewhat cheaper, may through the uncontrolled weather pattern 
cause excessive or deficient numbers at irregular spacing which will 
either reduce productivity or create extra costs in non-commercial thinning.
For the dry sclerophyll forest continued treatment using the 
lignotuber pool with or without enrichment planting following simple site 
preparation is likely to give continued success. The lower site quality 
also has less debris and the problem of futre access for thinning is 
likely to be less severe. Ideally, treatment of the dry sclerophyll 
type would he carried out by tractor on similar lines to the wet sclerophyll 
If hand or chain saw treatment is continued the treatment of the dry 
sclerophyll will be more rewarding than treatment of the wet sclerophyll. 
These recommendations for site preparation apply to all systems.
In areas where recreation values are high the opportunity is 
given by the use of the tractor to prepare a satisfactory site for small 
groups of reproduction or planting. Planting allows rapid re-stocking 
and thereby increases the value of the forest by reducing the regeneration 
period. Costs for the various treatments are difficult to obtain and 
to compare due to the risks involved.
Holmes (1968) reports tractor cleaning to be cheaper than chain 
saw clearing without costing improvements in weed control and seed bed 
preparation. This situation was found to exist in Bateman's Bay. Hand 
work costing between $16 to $18 per acre was replaced by a tractor perform­
ing a similar task, i.e., broadcast felling. The tractor cost was $10
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to $12 per acre. A trial area was windrowed and soil bared as a 
seed bed. The cost was $15 to $16 per acre.
The money cost is only part of the comparison. In the 
future labour will become more expensive and physically hard and 
unpleasant manual tasks such as chain saw work on debris strewn sites 
will not be acceptable. It is likely manual output per man day will 
decline, but skilled operators on technically advanced machines should 
produce an increase in productivity. Fortunately the trend to 
mechanisation is a desirable one for silvicultural treatment.
A similar philosophy prevails with the difference between 
sowing and planting. The $10.00 to $15.00 increase in total cost of 
planting in preference to sowing is considered justified by the assured 
stocking and defined spacing.
In summary, hand treatment with chain saws should be 
restricted to dry sclerophyll sites where no weed problem exists and 
regrowth will come largely from naturally shed seed and the spotted gum 
lignotubers. Logging to an intensity requiring regeneration treatment 
should only be considered for the wet sclerophyll forest when subsequent 
treatment will include tractor clearing to form a bared seed bed.
Planting assures a desirable stocking density, sowing or 
natural seeding does not.
The decision to use group selection, advance growth salvage 
or cl earfelling depends on the quality and distribution of the growing 
stock combined with the objects of management. Group selection requires 
a grouped condition of good quality growing stock due to past logging and 
treatment history. Multiple use or recreation objectives place more 
importance on the appearance of the stand than growth rates and productiv­
ity.
Selection felling has certain administrative disadvantages.
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These in c lu d e ; reduced volume fo r  th e  t o t a l  a re a  logged, and m ining 
th in n in g s  which a re  u n a t t r a c t iv e  in  s c a t te r e d  s ta n d s . U nless h ig h ly  
q u a l i f ie d  personnel i s  used fo r  t r e e  m arking, s e le c t io n  f e l l i n g  o fte n  
r e s u l t s  in  f e l l i n g  the  dominant and co-dom inant t r e e s  u s in g  a g i r th  
l im i t .  T his produces low er growth in  th e  r e ta in e d  suppressed  and 
poorer crowned in d iv id u a ls .  Damage to  the  r e ta in e d  s tan d  members
occurs a t  lo g g in g . A d d itio n a lly , th e  a re a  i s  c o n s ta n tly  f i r e  p rone,
fo r  fo llo w in g  each trea tm en t c y c le  i r r e g u la r  a re a s  a re  re g e n e ra te d .
L i t t l e  o p p o rtu n ity  e x is t s  fo r  hazard  re d u c tio n  w ithout damage to  th e  
re g e n e ra tio n .
Management of th e  even-age c o n d itio n  has advantages which 
in c lu d e  s im p lif ie d  su p e rv is io n  fo r  lo g g in g  and f i r e  p ro te c t io n .  These 
were reco g n ised  by F lo rence  (1969^ who a lso  warned o f th e  e c o lo g ic a l 
problems a s so c ia te d  w ith  conversion  of fragm entary  mosaic fo r e s t  to  
even-aged c o n d itio n . The South Coast s i tu a t io n  can overcome t h i s  
problem by in te g ra t io n  of b o th  b la c k b u tt and sp o tte d  gum even-aged a reas  
depending upon th e  o r ig in a l  d i s t r ib u t io n  p a t te r n  sis bo th  a re  eq u a lly  
a ccep tab le  as m ining tim b er.
5 .2 . S i lv ic u l tu r a l  Systems designed  to  improve th e  increm ent and y ie ld  
from I r r e g u la r  F o r e s t .
The e f f e c t  o f d i f f e r e n t  s i l v i c u l t u r a l  tre a tm en t on th e  s tan d ­
in g  f o r e s t  forms th e  second p a r t  o f th i s  ch ap te r on s i l v i c u l t u r a l  system s. 
Doth a sp e c ts ,  re g e n e ra tio n  and increm ent on th e  e s ta b lis h e d  f o r e s t ,  a re  
in te g r a l  p a r ts  of th e  c o n tin u in g  f o r e s t .  The fe a tu re s  of major 
im portance fo r  growth a re  th e  q u a n tity  and q u a l i ty  o f th e  growing s to c k .
In  th e  f o r e s ts  examined la rg e  p ro p o rtio n s  o f th e  s ta n d in g  volume were 
unm erchantable•
The higfr p ro p o r tio n  o f u s e le s s  m a te r ia l  i s  n o t confined  to
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the spotted gum forest, it occurs in other Eucalypt species associations 
on the South Coast as well as in other parts of Australia. Henry (i960) 
described a spotted gum - irohbark stand in Queensland, where useless 
stems account for almost half the standing basal area, and effective 
increment was only one third of the total. Florence (1970) quotes 
Curtin who examined five managed forests on the east coast of N,S.W. and 
reported the useless volume ranged from 35 to 49 percent of the total which 
is in accord with the data for South Coast spotted gum. Curtin (1970) 
describes the failure of extensive treatment over the past forty years to 
keep pace with exploitation. He suggests treatment for stand improvement 
will be required continually to remove the useless material.
In an area of mixed hardwood forest near Coffs Harbour, where 
silvicultural treatment had produced a vigorous irregular forest, Jacobs 
(1954) examined stocking numbers. He proposed two levels of stocking
and below they are compared with Benandarah data. The upper line of 
stocking figures is for a forest of less tolerant species where 1 to 2 
chain openings occur during exploitation, the lower line represents a more 
tolerant forest with heavier stocking and where the regeneration openings 
are smaller.
i) Jacobs Diameter Class at Breast Height in Inches 
5.7 to 11.5 11.5 to 17.2 17.2 to 22.9 22.9+Tot;
Less tolerant stand (t.p.a.) 30 15 8 4  57
Llore tolerant stand (t.p.a.) 32 25 10 6 73
ii) Benandarah Diameter Class at Breast Height in Inches 
4 to 12 12 to 20 20 to 24 24+ Total
Stocking (t.p.a.) 52 21 9 8 90
Curtin (1963), using data for a high quality irregular blackbutt forest, 
produced an ideal stocking distribution capable of high volume growth. This 
stocking in four inch diameter classes compared with Benandarah data is -
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Diam. class in inches 4-8 8-12 12-16 16-20 20-24 24-28 28-32 32-36 36+ Total
Blackbutt stockingtpa) 23.8 16.2 11.0 7*5 5*1 3.5 2.5 1.6 1.1 72.0
Benandarah stockingtpa) 30. 22 11 9.8 8.6 3.8 3.2 0.6 0.3 89.1
Stocking numbers for Benandarah are similar but somewhat higher.
Henry (i960) working in coastal hardwood forests of south eastern 
Queensland reported a series of silvicultural treatments designed to improve 
the useful growth of a spotted gum - ironbark forest on soils of low fertility. 
The area had been intensively logged but not treated and advance growth was 
present. The treatments were based on various degrees and methods of 
removal of the useless residual stand and spacing out trees in the useful part 
of the stand for better growth. The control area received no treatments, 
a second area had minimum treatment by removal of useless material only and 
in the third and fourth treatments as well as removing unmerchantable material 
trees were coppiced for regeneration where form was poor. Selected trees 
to be left were spaced according to a schedule based on top hei^it. All 
treatments (other than control) responded by increased diameter increment, 
but all including the control had similar basal area increment. The 
proportion of useful basal area increment was greater in the three areas 
treated. The annual merchantable volume increment was 87 super feet per 
acre per annum for the control plot and ranged from 133 to 139 super feet 
per acre per annum for the treated plots.
Working in the spotted gum forests of south eastern Queensland, 
Florence, Shea and Pegg (1970) examined the Queensland Forest Service 
silvicultural prescription and the average forest condition over which it 
applied and compared this with an alternative schedule. The routine logging 
schedule included the application of a strict cutting girth limit, whilst in 
silvicultural treatment retention of all trees with a minimum future product 
was prescribed. Y/hen the intermediate and suppressed trees were released
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by removal o f the  dominants th e  suppressed  secondary s tan d  members become 
th e  m ajor p a r t  o f fo r e s t  c a p i t a l .  These do no t respond v ig o ro u sly  bu t
in s te a d , degrade the  s tan d  and r e s t r i c t  the developm ent of sm alle r advance 
growth and re g e n e ra tio n . The study  was d ire c te d  to  changes in  th e
lo g g in g  schedule  and trea tm en t o p tio n s . The a l t e r n a t iv e  schedule d isca rd ed  
th e  c u t t in g  g i r t h  l im i t  in  lo g g in g , and removed the  poo rer formed l e a s t  
v igorous members o f th e  s tan d  in  tre a tm e n t.
Two a re a s  o f i r r e g u la r  b la c k b u tt f o r e s t  on P in e  Creek were t r e a te d  
by th e  A u s tra l ia n  F o re s try  School and l a t e r  r e - t r e a te d  by the  Department of 
F o re s try  a t  th e  A.N.TJ. F lo ren ce  ( 1969) re p o r te d  th e  d e ta i l s  o f  the  t r e a t ­
ment and subsequent grow th. The f o r e s t  has a  wide range o f s iz e  c la s s e s .
Advance growth salvage  trea tm en t r e ta in s  and f o s te r s  th e  sm aller m a te r ia l ,b o th  
young and o ld , c re a te d  or re le a s e d  by the  e a r l i e r  lo g g in g . F lo ren ce  suggests 
d iv is io n  of t h i s  m a te r ia l in to  slow growing t r e e s  under u n d is tu rb ed  canopy and 
and t re e s  a r i s in g  from lig n o tu b e rs  or see d lin g s  in  th e  gaps caused by 
management.
The two t r e a te d  a reas  a re  th e  1949 trea tm en t and th e  1955
tre a tm e n t. The form er was logged h e a v ily  in  1949 fo llo w in g  a  f i r e  in  1944»
damaged and u s e le s s  t r e e s  were f e l l e d ,  p o le  s iz e d  t r e e s  were th inned  and 
groups o f re g e n e ra tio n  re le a s e d . The 1955 trea tm en t was more co n se rv a tiv e
than  th e  1945 tre a tm en t r e ta in in g  as much growing s to c k  as p o s s ib le .
Follow ing  lo g g in g  only  th e  com pletely  u s e le s s  were f e l l e d  or r in g b a rk ed .
The fo llo w in g  growth r a te s  and s to c k in g  were reco rd ed  :
D iam eter increm ent
( i )  B lack b u tt ( in c h e s)
( i i )  O ther Species ( in ch es)
B asal Area increm ent (sq u are  f e e t )  
Volume increm ent (cu b ic  f e e t )
1949 a re a
0.60
0.39
3.2
99
1955 a re a
0 .30
0.18
3.1
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F lo ren ce  con sid ered  th e  increm ent r a t e s  of th e  1949 a re a  were
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satisfactory but the 1955 area were restricted by poor crown conditions.
True per acre impressions are difficult from diameter increment figures. 
Increments based on diameter are important in determining the size of trees 
in a number - size inter-relationship, particularly for economic forecasting, 
but for production comparison basal area increment is the more informative.
In the light of the results obtained and described above a series 
of experimental schedules were applied to the three sub plots of the nine 
acre area on Kioloa State Forest.
5.2.1. Application of Experimental Logging and treatment 
schedules to Kioloa State Forest.
The nine acre block on Kioloa S.F. is described in Chapter 3.
The crown condition of many trees is poor, and the stand has a large volume 
of unmerchantable trees. The condition has arisen from a natural decline 
of the upper stand members as the spotted gum type does not regenerate to an 
even-aged stand without disturbance by man.
The high density over-mature stand was chosen for the study to 
guide future management in these and treated forests of lesser density of 
similar origins.
The nine acre block was divided into three plots each approximate­
ly three acres in size. One schedule was applied to each plot although 
in consideration of current yield the whole 9 acre block had each schedule 
applied in turn.
The three logging schedules are -
1. Clearfelling. All useful material was harvested including
sawlogs and mining timber. Poles were 
infrequent and did not allow commercial 
removal, so were sold as mining timber.
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2. Quality Stem Retention (Q.S.R.) All trees are removed
except those with vigorous crowns and 
straight defect free hole; hole length 
minima are set in relation to tree 
diameter. These are
(i) for trees greater than 28 inches 
d.h.h. a 30 foot log length,
(ii) for trees 20 to 28 inches d.h.h. 
a 35 foot log length,
(iii) for less than 20 inches d.h.h. 
a 40 foot log.
Smaller diameter trees need to he 
judged capable of at least 40 ft hole 
length in the future.
3. Maximum Retention of Merchantable Growing Stock (M.R.M.G.S.')
A schedule designed to maintain the 
greatest level possible in usable grow­
ing stock after the application of a 
cutting girth limit. The chosen 
cutting girth limit was 28 inches d.h.h 
All trees above 28 inches were felled 
as well as trees below 28 inches whose 
condition indicated the tree would he 
unlikely to survive a further twenty 
years. This was indicated by crowns 
where diehack and distortion showed 
clearly.
The yield to he obtained from the 9 acre block by application 
of the three experimental schedules is summarised in Table 36.
102.
TABLE 36. Summary of Yield from application of the three experimental 
schedules to the whole 9 acre block. On a per acre basis.
Maximum Retention
Clear Fell Quality Stem Retention of Merchantable
___________________________________________________________ Growing: Stock
No. Basal Volume No. Basal Volume No. Basal Volume
(t.p.a.) Area (super (t.p.a.) Area (t.p.a) Area (super
(sq.ft) feet) (sq.ft.) (sq.ft) feet)
Yield
Removed 39.2 102.2 13727 31.1 82.5 10286 20.2 67.2 9160
Useful
Volume
Retained
Nil Nil Nil 8.2 19.7 3442 18.9 35.0 4566
Total 39-2 102.2 13727 39.3 102.2 13728 39.1 102.2 13726
Total bole volume is 42,995 super feet. The large volume of 
debris is evident when the bole volume is compared with the 13727 super fee 
of merchantable volume. The unmerchantable basal area to be removed by 
silvicultural treatment irrespective of logging schedule was :
Number Basal Area
Useless trees greater than 28" d.b.h. 4.5 53.0
Useless trees less than 28" d.b.h. 41.7 37.4
Total 46.2 90.4
The clear felled area produced the maximum yield, 13,727 super 
feet. The complete area is available for regeneration and treatment.
The application of the quality stem retention schedule yielded 
more volume than the maximum retention schedule. The volume difference 
was not great (1126 super feet per acre) althou^i 31.1 trees per acre were 
removed in Q.SJEt. compared with 20.2 in M.R.M.G.S. The maximum retention 
scheme with the incorporated cutting girth limit retained more small trees 
and cut more large trees.
In retaining 18.9 trees and 35 square feet per acre basal area 
the maximum retention schedule produces a forest of different character
103
to one with more stringent selection. This is particularly noticeable 
where removal of the dominants has occurred without creating large gaps 
in the forest. Under these circumstances the trees remaining appear 
widely thinned and free to grow, whilst at the same time still fully 
occupying the site. It creates a forest where the vegetation character 
has been disturbed but not destroyed. This form of treatment and approach 
is more acceptable to naturalists and open to less criticism. In areas of 
high, recreation value the removal of unmerchantable material may require a 
series of silvicultural treatments.
The quality stem selection system alters the character of the 
forest. The example at Kioloa could be described best as clear felling 
with the retention of standards. Each individual tree stands starkly on 
its own.
All logging schedules show the forest is strongly dominated by 
unmerchantable material. If silvicultural treatment follows the stands 
all exhibit the effect of drastic treatment. The maximum retention 
schedule retains most of the old forest character but the growing stock 
remaining is of lower quality than in the quality stem selection treatment.
Following this assessment of the whole of the nine acres for each 
of the three schedules, one three acre plot was logged according to each 
schedule.
The stocking and increment detail for the two year period, 1969 
to 1971» following logging and treatment of the useless material for the 
two plots not clearfelled forms Table 37.
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Average diameter increment is .31 inches per annum. The individual tree 
range is wide being from 0.10 inches per annum to 0.78 inches per annum 
for the quality stem schedule and 0.06 inches per annum to 0.60 inches 
per annum for the maximum retention schedule. The 1969 mean diameters 
are 20.22 and 16.97 respectively.
The low basal area increments probably reflect the normal limits 
to diameter increment. In a short time the regeneration stand will 
utilize the spare basal area productivity.
The similarity of volume increment in view of the difference in 
basal area indicates the better log quality of the trees retained in the 
Q.R.S. plot.
5.3 Discussion on Silviculture.
For areas without past treatment a large proportion of total 
volume is not merchantable. Silvicultural treatment to return the area 
to productivity is drastic and alters the character of the forest, 
producing even-age stands with or without salvaged advanced growth. This 
type of silvicultural treatment is not desirable for areas of high 
recreational importance where some less efficient treatment in stages 
would be required.
In areas which have received treatment in the past the merchant­
able proportion of the stand is larger, often occurring in a grouped 
arrangement, and the group selection system could be followed. This is 
a desirable system for recreational use, allowing continued logging, 
regeneration and cull removal treatment without major disruption to the 
character of the forest as a whole.
In any system where the overstorey was reduced to less than
106
40 square feet basal area regeneration was found in adequate numbers 
providing seed source, climate and seed bed were satisfactory. The 
dry sclerophyll forest is often able to produce the required conditions 
whilst weed competition prevents it in the wet sclerophyll. Seed bed 
preparation by tractor is required for the wet sclerophyll forest as the 
risks involved with burning and the burnt seed bed are too high.
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CHAPTER 6
ECONOMIC ANALYSES OP TIMBER PRODUCTION FORESTRY.
6.0. General.
The details presented in the earlier chapters on growing stock 
and growth, are used to provide financial information to aid decision making.
The restricted sources of the data are recognised, and consequently the analyses 
made have carefully guarded against representing a specific locality or quality.
Use will be made of the Faustmann equation in the analyses. In 
a comparison of five basic theories of investment Watt (1967) concluded the 
Faustmann formula, with certain restrictions and limitations was the only one 
which had an adequate basis in economic theory. Emphasis is placed on the 
moist dry sclerophyll and wet sclerophyll sites of higher quality for in these 
the problem of rehabilitation is greatest.
Financial comparisons are made for the management alternatives 
available in two forest situations. In the first, clear felling and planting 
to produce an even-aged forest is examined: (i) with management on an 80 year
rotation for sawlog and mining timber production,
(ii) with the object of producing
mining timber only on a 40 year rotation.
This form of comparison is valid for old growth, heavily logged forest where 
there is no alternative to broad scale regeneration if the site is to return 
to timber productivity, (Section 6.l)
In the second group, (Section 6.2), forest in good condition 
through restricted logging and treatment is considered for :
(i) continued production using
the group selection system,
(ii) and (iii) clearfelling and 
planting for sawlogs and mining timber or mining timber only.
Rotation age for the two clear felling schemes is mainly
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determined by growth rates rather than financial factors. Product size 
and market requirements prevent significant reduction in size of either 
mining timber or sawlogs.
Tractor clearing and jiffy pot planting form the basis for 
cost analysis. Unfortunately insufficient cost, growth and yield data 
exist for a similar comparison using minimal treatment in the lower 
productivity dry sclerophyll types.
Mention has already been made of the successful windrow, 
clearing and jiffy pot planting trial made on Brooman State Forest. It 
was, however, too small to take the cost data as representive or average 
as the tractor cost was low and the plants and planting costs were high. 
Therefore costs were adopted from routine operations in moist blackbutt 
treatment as reported by Holmes (1968). These apply to the Taree 
district of the N.S.W. coast but no valid reason is seen to prevent similar 
costs being applicable to the South Coast; a slight reduction in clearing 
cost was made due to the smaller average diameter of trees on the South
Coast forests.
The costs per acre are
Tractor clear and random heap or windrow $21.00
Plants, transporting and planting $24*00
Sub total $45*00
Overhead at 50 percent $22.50
Total $67.50
Fire protection and general maintenance
occurring as an annual charge, including 
appropriate overheads $ 0.50
No land purchase cost is involved or proposed, as away from foreshores
and rivers derelict land after intense logging would have a low value.
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This low value however is not the reason for its omission as all land 
involved in the suggested treatment is currently State Forest and no 
purchase is necessary. Hoad construction and survey costs were
provided by the previous crop.
Stumpage prices when reviewed over the past 30 years have 
risen from <a basic one shilling per hundred nett to approximately S2.30 
per hundred super feet nett, for the same quality and size. The better 
than 20 fold increase was in part due to the original unrealistic 
stumpages left over from the days of development, when timber cover was 
a burden not an asset. The other part is due to inflation.
Estimation of the inflationary trend can not be made 
accurately and for this reason current values are used to calculate 
financial yields. However, it is recognised that inflation is a very 
real factor aiding the long term financial enterprise.
The stumpage rates used are
i) for mining timber Si.00 per hundred super feet,
ii) for sawlog thinnings Si «40 ” 11 ” ”
iii) for sawlog final felling Si «92 " " " ”
6.1 Economic analysis of production following logging and clear felling
treatment.
If clear felling treatment is used to return the degraded 
selectively logged forest to productivity, the anticipated yield should 
be that prescribed by the yield table.
In Table 38 a summary is made of the volume produced and the
value of the product
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TABLE 38 -  Volume and va lu e  p ro d u c tio n  d a ta .
Age Volume p er Stumpage per T o ta l Value P roduct
(y rs )  a c re  hundred super
(su p e r f e e t )  f e e t  g ross volume
i )  fo r  Sawlogs
25 4000 S i . 00 $40.00 M ining Timber
40 7580 S i . 00 $75.80 M ining Timber
60 700 S i . 00 S 7.00 M ining Timber
60 5000 $1.40 S7 0 .00 Sawlog th in n in g
80 27000 $1.94 $523.80 Saw logs
i i )  fo r  M ining Timber
20 4480 S i . 00 S44.80 M ining Timber
40 24820 S i . 00 S248.20 M ining Timber
W ith th ese d a ta  and u s in g the  Faustmann form ula in  the
re -a rra n g e d  form p re sen te d  by Lugton (1968), d iscoun t ta b le s  allow ed the
c a lc u la t io n  of f in a n c ia l  y ie ld  (T able 39)• In  F ig u re  12 s o i l
e x p ec ta tio n  v a lues were p lo t te d  a g a in s t r a t e o f i n t e r e s t  u sed .
TABLE 39 . Summary of s o i l  ex p ec ta tio n  v a lu e s .
R ate  o f I n te r e s t  (p e rc en t)
2 3 4 5 7 10
Sawlog 80 y ear ro ta t io n 132.22 24.66 -19 .66 -40 .91  - 58.72  - 66 . 6;
L in in g  tim ber 40 year 
r o ta t io n 118.80 31.73 -  6.50 -17 .65  -49 .19  - 61 . 5!
W ith zero land  c o s t 3.5  p e rcen t i s  earned fo r  sawlog
p ro d uction  and 3 .8  fo r  m ining tim ber
F I GURE 12
Soil expecta tion  value 
for areas clearfelled 
and planted.
12 0
Soil exp­
ecta tion  
value.
Dollars 
per acre.
Rates o f interest 
(percen t }
Mining timber
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6.2 Financial Comparison of Irregular and even-aged, forests.
• >1
Where selective logging and treatment has occurred in the 
past, good stocking permits the standing forest to continue as efficient 
forest capital. The often grouped nature of the advance growth allows 
application of the group selection system.
The comparison to he made for this forest does not only 
involve the opportunities for growth subsequent to regeneration but also 
includes the option whether the stand will be harvested or not. To embrace 
this option discounted net worth values will be calculated using an 
interest rate of seven percent. This rate is used as it is the current
rate applied to Government borrowing. Opinion is developing that this 
rate is too low but this will not be discussed here.
The stand suitable for continued development by the group 
selection system is estimated, from the Benandarah C.F.I. data, to have a 
merchantable volume of 11,000 super feet and a basal area of approximately 
80 square feet. The standing value of this forest is $l60.00 per acre.
To simplify the calculations it is presumed there are four 
cutting cycles each of twenty years. One quarter of the average acre is 
cut and regenerated in the middle of each cycle. The establishment costs 
used in the clear felling example above will be used, the extra expense 
involved in regenerating small areas in group selection are compensated for 
by less difficult clearing. The yield at each cutting cycle mid point 
is assumed to be one quarter of the average standing volume. It will be 
removed as sawlogs; mining timber is not considered. During the four 
cutting cycles the merchantable mid point standing volume is anticipated to 
improve from 11,000 super feet per acre to 17,000 super feet per acre as 
a result of cull removal and improved stocking. The yields and their
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values are :
Age Volume on average 
quarter acre
Value
10 2750 39.90
30 3250 42.10
50 3750 54.30
70 4250 61.50
After 80 years the forest is unlikely to continue its improvement but 
will remain producing 4250 super feet every 20 years, a M.A.I. of 217 
super feet per acre per annum. The discounted net worth equation was 
modified for this infinite case.
Annual charges are again $0.50 per acre per annum.
The discounted net worth for the options open to management 
for the forest suitable for continued group selection are
(i) Forest clearfelled and replanted with the objective
of 80 year rotations for sawlogs
and mining timber produced as thinnings $101.28
(ii) Forest clearfelled and replanted with the objective of
40 year rotations for mining timber
only $110.81
(iii) Forest continued by group selection system as described
above $ 9.34
The discounted net worth is $91.94 greater for the clear felling and 
sawlog production (i) above; and $101.47 greater for clear felling and 
mining timber production,(ii) above.
6.3 Discussion.
When recreation uses require continuation of the better forests 
by group selection management the cost is the difference between the 
discounted net worth of the two management options. It is approximately
$100.00 per acre in the example given which would approximate the 
Benandarah and part of the Kioloa area.
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CHAPTER 7.
RECREATIONAL USE OF FOREST
7.1 Values of recreational use of forest land - General.
The features of the forest discussed so far involve the quality,
structure and growth rates of the stands considered in the light of 
commercial wood production. The forests,however, have an increasing
use for "products” where growth rates and tree condition are less important. 
This was heralded by Byles (1958) when he stressed the need for foresters 
to adopt a broader outlook on forest use.
The use of the forests for recreation is increasing rapidly as 
are the associated wild life values. People go to the forest for greater 
rapport with nature together with the obvious relaxation and pleasures 
derived from scenery. The individual tree quality is less important 
than the overall pattern and condition of the forest. A study by 
Rutherford and Shafer (19&9) suggests for certain types of North American 
managed forest that the visitors and users are not concerned by logging.
In the Australian Eucalypt forest, however, after logging and treatment the 
stands are greatly different from their original appearance.
High grading or selective logging is disliked least by people 
using the forest for recreation as after a small number of years the more 
obvious signs are covered and they do not know logging had taken place. 
Additionally access provided to allow logging permits the user to move about 
the forest. Without doubt a clearfell is useless for recreation. It is, 
however, advantageous for wild life conservation as the variation in habitat 
provided by well distributed blocks of clearfell increases feeding 
opportunities for many animals and birds which browse in the natural 
openings. The recreation value is low as heavy treatment prevents entry 
into the stand because of the presence of weeds, vines, debris and
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regeneration. People see it as destruction. This causes dislike
and it is extremely hard to convince them it is not destruction, 
particularly when natural regeneration methods are used.
During a recent discussion I held with naturalists interested 
in the Kioloa forest the useless commercial timber concept of the residual 
stand was difficult to transmit as the differences in tree quality were 
unnoticed until a tree became wizened and gnarled. The idea of useful 
forest created to serve, in the long term, all the purposes required from 
the wildlife and recreation point of view was quite novel. This excludes 
the establishment years.
More recently recreational values of forests have received 
increasing attention from both within the forestry profession and from 
active conservation bodies. Rockefeller (1962) emphasised the need for 
and benefit of planning for outdoor recreation. Downes (1966) pointed 
out the bad public image created by vicious argument between groups 
professing interest in conservation.
The values gained from outdoor recreation in forest land are 
difficult to assess. Whilst recreation values may be assessed for 
special circumstances, the values for ordinary forest remain obscure. 
Market value is unsuitable as an estimate for recreation values in public 
lands (Knetschand Davis, 1965)* However, to overcome emotional issued 
imputed values may be derived. Three different methods are available;
(i) consumer surplus
(ii) monopoly revenue
(iii) visitor survey.
The last two approach the problem by estimating the level of attendance 
at progressively higher admission charges to simulate a market price.
The consumer surplus assumes each visitor places an intrinsic unique, and
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somehow, measureable value on his visit. The method analyses 
expenditure patterns of visitors from varying distances and thus 
calculates a surplus from value of the visit less costs for the visit.
Care must be taken not to compare the values achieved by different 
methods due to the different functions being measured.
Recognition of different uses for forest all within the 
recreational sphere, add to the difficulty of assessing values. Clawson 
and Knetsch (1966) classify the outdoor recreation into three groups; 
user oriented, resource based and intermediate. The user oriented are 
the high density readily available small recreation areas, the resource 
based are the unique natural areas often at distance from population, 
whilst in the third category, the intermediate, occur the natural 
environment uses common with day visitors.
Clawson and Knetsch (1966) describe a method derived from the 
established demand function and using a procedure where increases in costs 
are related to the number of visits. Proximity to population centres 
has a large influence and the number of alternatives and time taken for 
the visit are secondary influences.
In discussing the value of land used for recreation, Clawson 
and Knetsch (1966) point out the use of land for recreation may require 
sacrifice of other goods and services. The value of the sacrifice can 
be expressed by benefit cost analysis after a vlue is established for 
the recreational aspect. Ferguson and Greig (1971) provide an example 
based on the Australian situation. They use the consumer surplus method 
to calculate the demand function for visitor use at Mt. Macedon,Victoria. 
The value of the resource is then deduced and compared with the value of 
exotic and hardwood forest at the summit. The balance in this instance 
was strongly in favour of the recreational use and the continued policy
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of multiple use was supported. Forest management maintains a park like 
state enhancing the recreation value.
Unfortunately, similar studies for the common forests are not 
available. Visitor densities for recreation within the forest are not 
easily assessed and further study is needed. Visitors to forests are 
spread widely over vast areas and sampling is difficult. The consumer 
surplus technique, monopoly revenue and visitor survey all fail to recognise 
the exact part forest condition or character plays when assessments are made 
of the recreation value of a lookout, mountain range, canyon, gorge or beach. 
Therefore the recreational value of South Coast forest will be taken as the 
opportunity cost of timber values removed from the forest yield due to 
recreational use.
7.2. The values of South Coast forest for recreation.
The value of forest areas for recreation will be studied only 
for the Bateman’s Bay to Termeil area (figure 2). Within the limits of 
this area recreation pressures have greatly increased in the past decade.
In each of the examples below the management considered best 
suited for timber production may require modification to provide for 
multiple use. If this modification causes production losses then the 
losses are a cost against multiple use. If however the recreational use 
of the area was sufficient to have the forest removed from timber production 
entirely, such as by revocation and re-dedication as State Park, the entire 
loss of timber values must be borne as the cost of recreation.
Three different forest recreation situations can be discussed: 
7.2.1. Kioloa and Benandarah State Forests.
The sections of these forests east of the highway, between 
the highway and the ocean are considered first. The forests are of good 
quality on gentle topography and provide scenic access routes and a backdrop
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to the beaches. Very little active use occurs away from the roads. 
Visitors drive along the access roads either for pleasure or to reach 
the beaches. The proposed Murramurang State Park takes in the immediate 
backdrop to the beaches.
A large proportion of the forest has a vigorous, irregular 
stocking resulting from years of selective logging and silvicultural 
treatment. The stands are aesthetically pleasing and abound with
wild life, both lyre birds and wallabies are common. The forest can be 
managed using a selection system, probably group selection, as the 
regeneration requirement will not disturb the aesthetic values of the 
forest. In other parts drastic treatment has already been carried out 
to rejuvenate the area. The even-aged forest resulting from the treat­
ment can be developed in time into a selection forest.
A plan has already been developed to foster high recreation 
values along the major access routes using "zones of minimum disturbance” . 
Similar restrictions have been applied along the boundary of the State 
Park. The acceptance of zoning formalises the multiple use policy for 
these parts of the forest. Figure 13 shows the method of zoning.
The zones are :-
(a) Zone of Minimum Disturbance.
The areas within this zone are unlikely to be logged 
in the immediate future; but if logged, only very overmature trees 
and any badly damaged or dying trees should be removed. The full 
aesthetic qualities of such stands should be preserved. Dumping 
and loading of logs is to be avoided along road edges in this zone.
Areas included in this zone are -
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(i) Forest along major access roads to beaches 
and Murramurrang State Park.
(ii) Blocks of forest between treated areas to serve 
as examples of forest types prior to logging and 
treatment.
(iii) Forest adjoining the shoreline.
(iv) A buffer strip adjoining Murramurrang State Park.
(b) Zone of Selection Logging.
"Selection logging' includes the zone where forest logged 
and treated in the past is still used for timber production whilst
at the same time contributing to the natural appearance of the 
forest. It includes areas treated by both group selection and 
advance growth salvage methods.
(c) Zone of Unrestricted Forestry Activity.
The third zone is a temporary one, including forest where 
selection methods are inappropriate due to useless overstorey.
A system approaching a clear felling will be used to return the 
stand quickly to productivity. This type of treatment will only 
be carried out for the next few years to rejuvenate the stand.
It is proposed to manage the forests established in this way by
selection methods
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For the untreated, minimum disturbance zones, the discounted 
net worth for timber production is virtually zero. Therefore the cost 
of reserving these areas for their recreational value is $160.00 per acre. 
In the selection management of the Kioloa and Benandarah S.F. areas 
the discounted net worth is $9»34 and the difference between the discount­
ed net worth for clearfelling and planting and group selection is $91*94* 
This value can be regarded as the cost to production forestry of restrict­
ing the management to group selection to preserve its recreational quality. 
For the time being no loss in timber production value is involved in the 
heavily treated forest as it is of little value for recreational use 
although wild life occurs in these areas in high numbers.
Timber production at 200 su.ft. per acre per annum is lower 
in the selection forests than in the proposed even-aged forests where 
the M.A.I. is 500 to 600 super feet per acre per annum. The opport­
unity for increased production and the ensuing community benefit from 
timber is restricted by multiple use, but additional benefits will be 
created by increased tourism and recreation.
7*2.2. Forests adjacent to the Clyde River.
Areas of State Forest adjoin both tidal and freshwater sections 
of the Clyde River. They offer an opportunity for combined land 
recreation and water sport and though little used at present can be 
expected to attract more attention in the future.
Selective logging has occurred over most of the forest 
adjacent to the river but the present forest is not vigorous. Selective 
logging in future is unlikely to lower production.
These areas have little importance for timber production and 
can be considered primarily as recreation forests.
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7.2,3 Forests adjacent to inland National Parks,
The third area lies adjacent to the Morton National Park 
and its anticipated southern extension to include the Budawang Range.
The National Park has a wilderness character and only minimal vehicular 
access. The sandstone plateaux and sheer rock faces including the 
Castle, Mt. Talaterang and the Pigeon House are viewed, except by the 
most hardy walkers, from roads and trails associated with forestry and 
fire protection activities.
Recognition of this use of the forest will encourage manage­
ment to site roads where least likely to disrupt natural panoramas and 
vistas and to modify logging schedules to minimise gaps and scars. Addition­
al costs associated with road relocation and restriction of logging yields 
are a debit against multiple use. However, very little consideration of 
this nature has been given in the past. Low standard roads and selective 
fellings become overgrown and obscured within a few years.
Vantage points, lookouts, and picnic places have been 
established as the opportunity allowed. Figure 14 shows a typical view 
of the Castle from one of these. Fire places, tables and toilets are now 
required.
Once again the costs are difficult to assess. Alteration 
to road locations may increase roading costs by up to $3000 per mile. 
Snigging costs will also increase with the restriction of dump sites away 
from ridge tops and reduced volumes at each operation. Until fire control 
is improved the area will remain too remote and too subject to fire risk 
to justify investment in regeneration. Therefore retention of useful 
trees is necessary to prevent the build up of unsaleable material, this will 
restrict the volume available for logging. The usefull trees retained 
will allow part of the normal increment to be placed on desirable trees. 
Regeneration groups will be fostered by log marking.
FIGURE 14
A view from Yadboro S.F. toward the Castle, 
Byangee Walls stad Mt. Talaterang.
The undulating to hilly country in the middle 
of the picture is Yadboro S.F. Much of this 
area has been selectively logged in the past 
ten years.
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7 .3  Summary.
Losses in  th e  o rder of $100 p e r a c re  from th e  p re se n t n e t 
w orth of th e  tim ber e s ta te  w i l l  occur i f  a re a s  o f th e  good quality - 
f o r e s t s  a d jac e n t to  th e  c o a s t a re  removed from tim ber p ro d u c tio n  in  
favou r o f r e c r e a t io n .  I f  th e  same a re a s  a re  r e s t r i c t e d  to  s e le c t io n  
f e l l i n g  th e  lo s s  i s  approx im ately  $90 p e r ac re  when compared to  th e  
o p p o rtu n ity  fo r  c l e a r f e l l i n g  and r e p la n t in g .
In  th e  w estern  f o r e s t s  o f th e  s tu d y  a re a , th e  a d ja c e n t 
N a tio n a l P ark  o f f e rs  th e  o p p o rtu n ity  f o r  a c t iv e  m u ltip le  use o f th e  
f o r e s t  on th e  Park  p e rim e te r . No re g e n e ra tio n  trea tm en t i s  a n t i c i ­
p a te d  f o r  t h i s  a re a  a t  p re s e n t .  The c o s ts  o f m u ltip le  u se  a re  th e  
in c re a se d  lo g g in g  and ro ad in g  charges due to  r e s t r i c t i o n s  in ten d ed  to  
m inim ise th e  d is ru p tio n  of th e  " n a tu r a l '’ appearance .
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CHAPTER 8.
THE MANAGEMENT DECISION.
The needs for recreation facilities in the forests have increased 
and can be expected to increase rapidly in the future. Clawson and 
Knetsch (1966) report a ten percent per annum increase in outdoor activities 
in the U.S.A. and Ferguson and Greig (1971) estimate an average 6 percent 
increase for the Grampians area in Victoria. The pressure for outdoor 
recreation becomes greater with increased leisure time and annual salary 
(Douglass 1969)•
Recognition of this trend is necessary if we are to plan for 
balanced community needs in both timber and recreation. The significance 
of '’balanced" must be stressed for while recreation gains momentum we must 
remember that the present well being of local communities depends upon the 
harvest from the forest* Timber takes time, a long time, to grow and 
continued supply is essential if processing plants are to remain viable.
The Bateman’s Bay area is ideally situated to supply both 
recreation and timber. Overseas experience has shown approximately 100 
miles to be the limit for intermediate or day-use recreation. These 
forests can thus serve both Canberra and Wollongong (see figure 1.)
Ovington (1968) stressed the value of forests near to population centres, 
and so increased recreational use can be expected in the forests of the 
Bateman's Bay area. Pressure groups interested in national parks, 
conservation and outdoor recreation have become both active and vocal in 
these cities recently. Murramurrang State Park must owe its origin, at 
least in part, to the influence of these groups who are even now pressing 
for revocation of more forest and dedication of further State Park. There
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is a possibility that more and more land will be included in national 
parks as a result of these pressure groups and the political influence 
they exert. Existing State Forest is not being used to the fullest 
extent for recreation at present so there is an argument for deferring 
further reservation of productive forest as national parks until a real 
need is demonstrated.
These areas could be managed for multiple use, both recreat­
ion and production, using a group selection system in what would be 
essentially an irregular and uneven aged forest. This type of forest 
has a pleasant appearance lacking large clearfell areas which have 
little aesthetic appeal. There sure many reasons why timber product­
ion on these forests should be maintained but the increasing demand for 
public recreational use is recognised. In Chapter 6 it has been shown 
how this silvicultural system, if adopted, would mean a considerable 
loss of financial return to the Forest authorities. This loss must be 
considered as the cost of multiple use for recreation and forestry.
It must also be made clear to the public that those forest
areas between Bateman's Bay, Termeil and east of the highway, which many
mostly
wish to include in Murramarang National Park, is 5Ö& treated forest, 
managed for many years past as an irregular, well stocked forest using 
a group selection system. If this forest is to retain its appeal it 
must continue to be managed in this way otherwise it will deteriorate 
into an old growth area. The need for intensive fire protection
must also be emphasised. A viable forest service system within the 
area will serve this purpose to greatest effect.
In this thesis it is shown the spotted gum forests have a 
reasonable rate of growth when well managed. Volume increment rates
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in  excess of th e  n a tio n a l average f ig u re s  o f s ix  cubic  f e e t  quoted 
by Jacobs (1955) and. f iv e  to  te n  cubic f e e t  quoted by C u rtin  (1970) 
a re  re c o rd ed . T his improved y ie ld  w i l l  h e lp  to  s a t i s f y  th e  
d ra m a tic a lly  expanding m ining a c t i v i t y  on th e  so u th ern  c o a l f ie ld s .  
C onsiderab le  a re a s  of th e  s p o tte d  gum f o r e s t s  should  be managed i n i t i a l l y  
on th e  more p ro f i ta b le  c le a r  f e l l  system . Those se c tio n s  o f th e  
f o r e s t  where p u b lic  r e c re a t io n  w i l l  in c re a se  can be converted  g ra d u a lly  
to  i r r e g u la r  f o r e s t  w ith  a e s th e t ic  a p p e a l. The n a tio n  can i l l  a f fo rd  
to  t i e  up la rg e  t r a c t s  o f p ro d u c tiv e  f o r e s t  as  s in g le  use r e c re a t io n  or 
co n se rv a tio n  a r e a s .  To do th i s  w i l l  mean an in c re a se  in  im ports of 
tim ber and wood p ro d u c ts , and fo r  an in c re a se d  investm ent in  b ig  
p ro d u c tio n  p la n ta t io n s .  T h erefo re  th e re  i s  very  good reaso n  to  
r e t a i n  th e se  f o r e s t s  fo r  m u ltip le  u s e .
To r e t a in  th e  sp o tte d  gum f o r e s t  fo r  bo th  p ro d u c tio n  f o r e s t r y  
and p u b lic  enjoyment th e re  a re  r e s p o n s ib i l i t i e s  and r e s t r i c t i o n s  n ecess­
a ry  which must be understood  by a l l  p a r t i e s .
The f o r e s te r  must r e a l i s e  h is  r e s p o n s ib i l i ty  to  manage the  
f o r e s t ,  no t ju s t  to  mine th e  tim b e r. The lo c a t io n  o f roads fo r
maximum re c re a t io n  b e n e f i t  o r minimum d is tu rb a n ce  to  th e  f o r e s t ’s scen ic  
c h a ra c te r ,  a lo n g  w ith  th e  p ro te c t io n  o f fauna and t h e i r  h a b i ta t  a re  some 
im portan t management a s p e c ts .  These w i l l  p la ce  r e s t r i c t i o n s  on f o r e s t  
o p e ra tio n s  and re q u ire  g re a te r  e x p e r tis e  and in c re a se d  p lan n in g .
The p u b lic  must be made to  a p p re c ia te ,  through c a re fu l 
p u b l ic i ty  and ed u ca tio n , th a t  th e  f o r e s t  has a  m u ltip le  r o le  to  f u l f i l l  
and c e r ta in  a sp e c ts  o f f o r e s t  o p e ra tio n s  must be to le r a te d .  A l im ite d  
degree o f m ajor d is tu rb an ce  i s  n ecessa ry  to  e x tr a c t  lo g s  and to  
e s ta b l is h  re g e n e ra tio n , bu t th e  p u b lic  must be persuaded t h i s  i s
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essentially short term - 2 or 3 years only, before natural process of 
nature will obscure these scars. Presenoe of a viable forest unit 
is necessary to maintain roads, and provide protection and this will be 
paid for by the produce of the forest, and will not be a total cost to 
the taxpayer.
The spotted gum forests can be managed for multiple use. 
There will be restrictions on all parties involved but with careful 
planning and public awareness of all aspects this should be a desirable 
objection in the national interest.
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Zones o f management for integrated 
recreational and timber production uses.
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